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'lilt Oi.ijuitiih,n( o'l lulucidioii ill ficieiic-" and Mailie- 
iiiu(n s i)t' ilic idctttoniil ! 'uunc!l nC l-donaiional Rcraaiuh and 
'rianiJiig Ini'i uiitiutnd niaiiy antivjfic'i hit Ihe inipnn'aiTinit of 
ichoo! iaicliiitg, its oui; fd the major (nc!ravom\ has 

f.ccii h. "ap’i-'/a ihr qiialih/ ol m soittniAi f;d\n,Li(tn\, 

with ih dioni beariug ua the tlassiooiri imift iiolnm 

It js ivcll laiowti ihtil sotiiB i>l the UntvoiMtics and 
Regional Colleges ot I', ducahaii have Matted Saicnec thiinM- 
Mdii hioj.'tamat'vs at, t!": hh D and M fid lewds !(ov/cvct, 
llu (luinl ul 1 (MU eni .tii'a'ii 1(0111 the (Wo uUiiguing, iriltial 
ohM ( viihoii'' S'l fiii ociLiii'i; f'Jucalioti has not been aecep" 
led as ti sel'olaily distipline, and tliere are only a lew dedica- 
ted scholius working lii die field of Science hducatioii I'hcse 
ohwivaiKuii, weto suhstuniially piovcd by the syrilheM/,ef!. 
ol Scieran liducatioii Rcsciiicti iii India. With these shoil 
coniiiinr in mind, the lust fUlcmpt was inadu to survey die 
restaK'he.'i diMic at the Ph.D. and M.Hd. levels lii the dillcreni 
innvtiMiK'u iiiu! iiistilnlions in India I'liis effoil was analyzed 
'Uiil cuosoi'.Jatcd at a y/oikshop otganizcd ai 'Invendiurn 
All scicf',.. educatois fioin die Sunthern Sules in India 
pooled iliuii opinion and consolidaled the mateiial Second 
vvoikshop on Ri'iieaidi in Science and Mthheniatics F.ducation 
w:iii (ij,'ani<"'d at Aniutsai svilh an ciitiicly dinriunt gionp ol 
'V ictice uliu ahiis 'I'he maiciiaK (levcloped at I'nveiidnitn 
wi.ie iM V!p(;ili''cd 111 this woikshop, and I'csejicli gaps weic 
Kicnlilitd An atialysiK of iiioic than 600 rcseach stmlic.s and 
ouii-rdilitf iKui of o'seau li ijape is in itself a pioneer choit 
It has Lhui published in th? fil'd leseaicli monogiaph cnthled 



(ivi 

!n liv; J'iifit puj'c/ Pmi' .nxj ! i 

ii.ivc die pnrpo'ji:, o* !■ n 

iStf n( ■UHLij'ing ptfifp! 'Aivc; ;i' •■( ii,rK..; <>' ‘ 'iii' ' -■ 

cclucanon rt^^chfoli %h>>iiUi he iMM-'uiicdiid lu -ni-.rsii i|i.' 
ptoblcnis Fhfc selcLliOK ul sps^iiieli pt I'hli'ivv" dii'idi! In- -iii 
the piionly bas!-* to aietl (hi- fi tleru.' ni* 

fit the second p.iptr, Hi J^oorf bar- pee d a i ,i 'e 
ol science eduLiUton rescan h. dt<j.c m linlia at ttc J‘n n 
M Ed levels. 'Flic icscdfch caps urnJ needed j n* l ,niCi./i a 
mcMsures lo lauha take rescaich (riiwn; .d-o he ii di ' u i! 

Pr. dliiiidwat !i;/s piesetiieP a f.’deii ol IVJail>' m uti *• 
r.ducatton Rcse uch toml'-v ltd ru ii'.c P S A ..iia liidii. 
Iheaulhoi tias made .i case h'! Madutuaia . 

Research ncccvsu.dcct hy ilic -'.a'ict! ‘'oi'c, 'uon' >t)'i n ift 
spheres ot MallK'iH.iUcs teaclMiK*. Tire paiuT .dsc 'iiihuic, 
(hUereut ateas td rescatcli ut I'K.iheaf.iU'.t bn. . , ’-.I 

::uf>g,csU<ms {or (timre fcsenith, 

Scfciice curiicuitmi dcvciupmciit E?ft»giao)iiu - h e o b ii 
the uuist Mgnifscaiii acfivices durini> tpe fhe.r -.iHi'iMt,' i,i 
Rcecrtity s'‘icfK’c CLuricuhuii evaluatUHi o as been '.idcn . aii 
iiodeiachabic part td' seance curueuluiu icsu;u’h i,,u" 

sUticiU «n aims ‘'T man power and numey has bcfii 
doiis rind man, ivoik'is have staitcd t, using the 'iiirciuM! i.r 
acLOiuitnbiiilv Oiher gf-rip was active rei 'Ji-lminiinnc (In' 
gams, wliuli stiilents have from new scieie r t u, i a ciam 
mKcrcits These gams wete spelled tvut ru tcints oi iiiC 'It tiro! 
academic ,11(1 altrai.fiinf adcimUges Slice d.nm i.um.ms 
and summativi- cvalnnlive- processes haw pamw! < ikw!,, y 


Mr. Preetatii Sitip,h ui tusi paper "F , .duatcfii ji 
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i'l 11' ' ^ 'ill ! imiIliui” Im‘. I K'l uii iilvi i; a ta lil 

lit I v’ I'alLsiii ii'ii 11 a. i.'anid d Mii't il’i'n 1', a ucaii of 

t li ' ' I llO 1 1 p ! ij tilt' tii'op'P, HiclUMlt- U; I ol ll[P- 1 1 Mpii 1 1, p.S, (1 ' Vl"' 

111 lilt; aUilnilL ,, wilufs .imi af, ,l|i' i ni'li ii(;i .mil (ho 
1 111' i ii'iiii" , HI llu Ic.i' till'!, hii.il' !'i (lii'r (oii|(.,;t| the 
.'Ullioi li.i', K' ' tiippii "dod lliu IK v'd to ( ;il ip'iri!i/f Hui ciirii- 

lutiiiii dp. V • it'oiiu'di on diur ft 1 :; id'O ‘.ajO",Uul (imt 
I iin.c iiliO'i ilu'uld he n kM't'Ml to tiic (di|ntu'i ',i ol t,ciciice 
odiu .dioii coiiietil ii)i-tlutdolo",v ol (.nenee .md (t.etiinc! 
f lit rlivi'ti' 'p'l I’hi' .intlioi doi'cloiiod a ilii'oi t ti' ;d iidine 
U'orlc or r.iiioiutk f ti I'l.'uuimg the cuiiiciilum I'l'. dilation 
niodi'l iiihl r\i t'iih J oiUlnn; has b-rcii jnt*i,iip-,fi.-d 

til of'pei Oil ''S'Oi fnattve and humiaadv'e f-valiuilioii 
id Siicnii ( in I Utdnnd’ by I'Jr. ?nnd ha. 1) leldn jitcd. tlio 
ml. .o jit id toiin.iln'c and 'nniiiinilnn .■v.du'atnui alun.'Willi the 
riieiLKlk'.N (dtctiii'i'd ui tins area. Some i ‘..imidib ot llio (m- 
ni.dua iSLiiiiiuiitiVi i‘v;daalioii ii'.i.d by tin- dilt-'irjit Si i.aiic 
< urnulmti I'lniui;. liaie ticen iiiliidid llie in ..d cd' ijiieh 
' I lit an 1 Ill tiKban ilassiooni liir, bci ii emjih,iM/od by lire 
autlioi 

h an ^ i.'yi't i;. an i niiiii n .il geinti' i iiijiiidoij.olnyibf 
,iiul Ilia iianie idune;, la many tdueational jouuiLib; Ihiough. 
lilt tlir wmld (I r, [lui'.ni to say ilnil Ihayctiaii Thinkm!.' 
111 '. b.Loiiio a ji.iit lit ediiealiomd >‘iidt at.o’ in imiot oi the 
sV'.lerii, Sinoo !‘>‘i0 ,t ha. liermno ini n-'aMtiglY cleai to 
child psyi holuenit*', edniaiinn, an.l ntliLi:. in diverse aieas 
tlnn '‘Jean t’lajet rs the I'orLuiosl miilidnilni to rlie field ot 
iiilclli <Ju'd dcvidopimni in intai ileeaiii . I'lus lias a pcrtni -nt 
ii’Litiin. (t) iiiiii'iduin fiLnunn" .ind iiai><iuni<> of in .tuicliom, 
Niani Sliliuo • niieiilnin I’lojL'l', in the (I S A and U. K, 
ha\e Uikeii 1(110 ait. miU thi: ohsoivatiniis mtuie in Geneva 
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llijiuisa toi Dill' inniKih.iti i ntiMilLtaii'in" 

ffiiw trill ihriiifiht he iiii.''',r.'ii 'd id di i ■lu'i ’'uiii- 

uiluiu .umI ;.i icnc'- uisLiUi liDii in lii'ln'i' Mtuainni lln'i ai'nio 
giiiph ukIiuI;, tliii'i i,ip-‘i‘, DU I’lai'. Ill' i S'hi. ' m;; • i k a,i 
iitiswi'i ut Sill U qiii M iDiis 

f)i. Iv F Smiih in Ins . ‘Rt'-i'-ui |i mu !’h"'cl.r)ii 
Tliiiiking 111 Seiciice'’ piesfiits in cihaiiMur in uisM'Mi du 
■ ifijLilic stages of iiitalli' lual ['lovvlh aiiiDiii' cliiMiin, .is jiiD- 
[jounded by PiagLt llic iiiahot his niuriluintil m.ui> iisi‘ai‘!i 
itUiJic'i in suppoiiof intidlottuiil niiluialini idi.I lli ii inli- 
tiDuship to sciLMiu it.'ii hiiig Wfiih' .liseus'iiii!'; the tdin id'ui.il 
itupliodtiDiu d 1 I’lagcfiiui UnnlMUg, lii'’ luidi'U h; ; .I- 
ialiitiotishi(i Ij'wtsveen uuIu'kIuiiI tluld'; inli.'lh ninal ilivalDii- 
nient and educationid piDblains Ha 1 ms iinihii given valuable 
sugpcbtions Poi pkninin!’ si icrite i LiiiiMilnin Lonin uent 
vvilh iho ili;vclo(ni)enUil fA.!;;e.s of lh‘i iLaimi us ini. ul loiunl 
by i’uigiit 

The aiithoi has espressed a .stiong Irtlmn lint Ihcn. 
IS a diicct link betv/ixn ckwlopmeiital stage aiul gi'ule plave- 
incut Dt concepts Tiic autlHir has givea Soiim icl' iciiia ■. 
lelevant to scicnea educati.ni wth .i didiM lion.; Ilia! siniir; 
stiuhcs will also he eoiidiieted in oiii classioDtus 

IVIi Paciiauiy lias giv a an ei.hausi; .'i le.f ot ic r.ifihci 
ullemiitod on Fiagelu.li f'linilving m hii p p. .. "hupiu ;u nm' 
Dl' r'i.if-etian Rcscairli foe Science Cui'in iihiM Ikoy. toe.MOUt'' 
On the hasi.s ol ifie analysis dI n'i.eM.li, tin mil' n iiai (< i 
cchilly Li'lvised Idi ,r t’ia",’titiii tin’oi v-b.iscil (iiiikuIimh ami 
dSmnhiniiMi i his h ol niiicli sigml icaru'D m the iDiMhlMir; 
wiieic stndeius do not attain foima! ihiiikinii tvcii ii!te< 
df lending ad eaieakl L (in DSC at the ;..,aoDl i.Snge. Sdse itches 
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have [H i( m vouiieetum wth " Alph'i.!«:l" lcuum'' in Mu* 
II S 


Plant I i.ui ’.yf teui lu^ a diici i Ii.vluii' tni ' am epl'i illv 
tiase ’ useai h in sc K’i'm* ediu itioii, rins Ivjv ul lu-h l\a:. 

ni)t lietrii jUi inphul bv iiih.ciuata iiuinb.i of’ useai' In rs, 

Prai' M Vaitiya lui' tliseir. .oil llie pic'blcm. lelaletl lo 
Puiyctian ’riuiikiiii' aiul 1 esi'aic. It flu: anllitn 

iiauted the [ncnnci sludy iin'leUakt-it by luin 'I'liih sujy nut 
only sec stabli .hes the vvuik iluiiu by icuii piujat bul lUigycMs 
lui tiler unpin 'itunis 


SiruL cv'oilil ivai II nianv [j-niiiciit tiuesiiou*: wore 
iiMsed attoni. t'le luk ami methods olscicme m school;, bim- 
ihu Liutstiun; wrti' afiani laised allci the la\inehiii;_, i:l tlie 
Spuliiuk and ,i iic'd t'ot b.isu cliim>,e;i m .leieidiric educaticiri 
u.is teali/td P' unite ns a 'lyaltin <>1 knowh'dne ,tiid like any 
knowledge d has its tuvn ‘..ui.ii,,-y 'I. hokus like B.niaul 

(lai b '1 , Waltn ( di st'h, d'alt oU ihusons, and Hobii If Mell- 
on ettiiivi pul loilh sUoiif points 111 lav'oui ()1 Sm lologv ol 
.iiunii A vipoious idloit VAIS made b,' til ,e so loloyi us to bic- 
ak the u demoa ol soetely I'ccanlly th'*(e is ai'iettusvaiei,- 
ess .mnnic; the tnteil 'e iials to niidmsi ,nel the lolati.niship 
iit'dween iiLit'ii' '■ and .socieiy. bb'ielv disc iissiiii' nieiits and ch.iii- 
eritfi id st'ienti. iii stliool u(iniLul;i is instil I itieiU il (htic is lui 
ciilital Lindt istiiudiii|.s ol lb„ pioblenis and possdiditie;, ol the 
o'lationslnp ol st unmt ,ino m ■ i .-l / I'lV no v so.uiloyv ol snic 
luc has eiinnc/td as a Itilly viowii lukl ol aiuii, 1 htne is an 

iiifji til Heed it; rntes nt th iiicii ti iinl (ii(ii,d sn.w of ;,en;a,e 
sshudi may nmdil ■ iii.; ue aului oi Aiidenl to vnu,' die emei 
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pri'ii (il tiDiii i; .iili' .iiiil L.i pi i' 'i .u'M hiiii .'Jl III li , 

s ) ,i;i| (.'oiit' M. I'.’i b I', li 1 . »,i il m'i I I " '.'"II lUi'l II . -'ll! .11 I 

clini..'nsu>n', iuc II) P’ 'll li'. .. 1 "in ■ i . l! i niM il ..'mIhuI 

<-uUuuU nap 'iliiii.-.i ainl 'I a,; > i' " .la a.i P ' .i I'l''""' 

olhet ni.'iim sai lat (ii‘.iuiiiiiiiri 

I'liLi |).i(i''( (ill ‘ Ij.i'J" I' "I " 'I'll' I (111'' M Ion i’l "Ml 11 ". 
jiid RL'Seaiah IMii.ii''. livni’’ by !)i f’lib -la ;■ .i'. i"Vi a.l uu" 
logy of scianco itiiJ 'acUuli.fi lioih lU' Scu.iiilui,', "I U.H'iu'i. j' 
well an thes (niK'lcigv ol ,si,ii,iic, oiU'catinii Uni II (l"i-u:iiui 
tcflpapui wiliiiii liiumn i)i.,i;,(>ui.livi’ I'ml a,;ti .ipulati . ilin i ‘ e.in b 
needs in (!iu> viigin iuea '1 lie .lutl "i has iiai 'u ihc. I ii a'. a au.i 
m science ediiLiUioii v'lm li It! o! uc'.iil (ii i.',ui il' I' . di .'-us' .a' 
the following four Miti-.ULa.s iii lii'i piipu 

1. 'The es.senluls nf SoLmlogv of "Cieii' ■' 

2. Uhe t'oie nit as in tin IMi lolo,",'/ of (las', in in' ti'.a Iniit., 

3. The impliciiuoirt of sta loKu'.n'.il foundiUasti t I 'd'l' .Unni 
fo[ science teaching in seliool:; 

4. Research needs in .'.ciencr '‘diieation in Itnli.i 

The luitfioi hiiii disciisscil flu- piciai as of 'wi.H)I'>gy of 
science wUli speed'ic empha'.is on the lohiPoirihsp ol si i. in i 
and soeicLy 1 he opini'i'is cxpicss"d byeniincril am luan n.o in 
the fluid fiom tunc to Inns have been nn lu'ln'l 1!.- also 
incluiles many soeiolot’ical ideas witli .i I'.iMnnii i,n ei.'iii e 
ill schools and rcscmch in S' loiicc, cdunali.'P '1 Im pipei fm e 
ses Ihe diicouraging pietinc ul' iaienu. li ,■ hi,." m ,i li(<iii‘, and 
luaRes a siiong, plci for its nnpiovemcnl 

The aiilhor contends lliiil sonic reaeiml' 'vpiii in ilw 
soeioiogical pi’isjx-ctive’s ‘ihould he atli iiiptcd , ' "I tlr i.ieh.". 
.sucli as, utial uibau social gioup.iigs, ii.ln.i 


’ll, eennoriiy, 
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li.iriiuotv'. , ’i’ ( •h'tian til " iiMicr t,; 4 i,hit\- ',11 mill h- 

Talti-n u;) I-y ' ; w U wni-'r, hi Milvin tu U, ii‘;-;iiLb 
ah laM :il a. h,' t.'la ■ 1 Id (Oi.hn lu ui la u'l'l lia ili.l w iiL 
d,S[)i: cl a 

!)! ) I'lhi ii:r. (I'Dv'i'i ■! i liu '>1 r.i.aiitH al'i'lics 'in 
I*iii '('U ui ihi'ii-i”,.; lynuli w^ii* nltL'iii, lin’d al 111- !’un| lit (Fni'/ 
crnly, Ch:iu'li"i'( h '1 h'' laii ol (lin,,! sludie'i I'nll yiuvn help 
ful to uui-i ‘ "! i Ih.i nil’ll'! Ill th wnlc w'li h n Ivini; aH'i 
inptcd in 111! > I' oiiUv I'ow.'U'l'i llu; end an niUniiiJ hrr; hci'ii 
made in j,t( ' III „()mi' iJcnsiihoul [iiodiinrlioa, hu lim (iitnic 
as well as Itif liKiii’riial as.uel . (if fetn'iiee eilii Ui m raseai- 
eh n will \i< liehjfiil in iind('isi.iiid<ni; thr iliflVunt iwi ds ul 
ijrience edni ,111011 iesiau‘ 1 ) aiicl 111 dctni niiiunt 5 a IliIum' line ol 
aetiof) 


Sini r liiui |ii iuK‘in.1' Veined and '/.dii.ihlc puppiunincn 
heivo hciMi lain. 'died to upgiatle si'i.,nec leai luii(4 in oui m luuila 
New .'.Liiii’i it'-l lio(i).;, wc'i' pie|)ui’d, ni’vv iii'.li Lit liontil niale- 
Ual wnt' ;'i III'! ail d -md new fc'.c.iieli iucas wen; unioveied. 
Till' linii I'ii ’ 1 lull now lo i.iuneli um andi-oi leni d si neaei 
teaidnn;', ilc^i iaily, dii.-, inL>nn;;i 'ipli will prove .1 'uu.ill yet 
sirpiil lea 111 eld, in. n K) lilt! pi oh' ,M(Mi'd lilei.dLii'', 

,\ll p ip'i' of ilii'i nu'no['i,i|.li nic ainn'd md only at 
leseatih and, ■ ' la Jilleioul .'iilvo, hut also to hi itlge tliC';oniiu 
Uiiie.iliim ,n ip m.t/ng llu lellow o se in'la’ii. 'I’he eon .olidLdion 
td le;.'. oil 'ill. I I Klin '-'>/■ 1 w'lll lie 1 li' Iping hami to a nov- 
H' in d , .d'-'/i.i'i I'l cool ih niUni-' ddl i 'ill 'ii(i'iu( 7 is and in 
e.d''iii..l li.', (In 1 leii' le , to mi"|. th idevjlU, lecient 

jin 1', 'll III 

'li’ii n, ili'.'ply I idchted I I :dl tlw 

pap,,' l‘;iv, !, nil iiii'lLLdid in llin: moiioi'iiifih, 

Wain li' ... '. lo 1 ;. C! M Uluudv'.i j iii'.jd ' neei 
il.i n I 1.1 ill Ol lid li dii in <M " uu/ ■; 
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'"‘'"’"‘"'''■I f'K' ptqnr.KiP; 


^ I'''!, (l-lil ,11^1 i\]| 'i' i< 
‘l’' ‘’''"Mi'iniii, il„, |„,,, 

'’tlltor i;, r,MftM (I, ,,1,1,,.. I , . 
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'■ L*u li II'H Arthurs 

'! N (I ; 1/ 1 K O'-V \ ( 1 -. li.'UiKi m rdii'Jiitii 111 lU ilvi 
r.i i'll'j'.jli in, A|tim Ifcis Lililot of tin 

! ' I l.ii.iii 1 1 111 I S ii'ii 1 . ‘ti’ fill! I onLtiliiJtcii niiiiy (iiiims ui 
VIM ii'ii 1 fniiu tioii I )riiunii.l‘. 

I V IK'fili I', 1C i| I in Lilni .iioii at the KlimohiiI 
1 ’ulh ■ ' III i i'liK aiioii, '’.|riKi iL I', co-auilun of t'lanniii}' 
ini "i ii'iu lij'.liii) anh etlitin m| Sli.in m 
iMii' tiM'iii. fie i‘. iiullioi of liililioi" ajiliy on fJciCiiu t'l'uii a 
(1,01 If' lia'. un'liiiicil ni.ipi Uicnitli papers ard atlitles 

! A iidd ' I, ],iolo';ini oi 1 ■lin'd nni at the l’mi)tih< 
Uiw ’ Cli.ii'(ii; ■ ii i‘l■■l'' or luis atitUoied about 

!(| ri (d) pi'p'n .nui l.a> snjici I'.ccI dooioial lose ikIi 
a oils of nianv I ii A m l.o'.ii', 

M vai'i' IS jir-il u[ l•(ln^..ltluIl and I'teaii ol 

1 iisti "I *1011 10 ilu' I I'iuou.il Cnllcpe ol I'hluoiUioii, 

'Amii Ifii main p iblii'iUi'ins iiiLlndi I'ioIiIliii failvma 
in 'Ilicuco ( inpfi^ .So/ni. ,\.p,atj, oi Piagct'i; woil; A’^ Smariec 
'I'ct'diinj', I ld 7 i ), Mo‘,v f 'tuldi' n IDisonvei K.nowlt tl!>i' 

■ ind'Ctie tiiovvtli oT !.o ’ii,al I'lunhi'p; m Scienci.; Duting 
Adole.'iLciu'f ( 1 1 ; 7 ;t ^ 

He ha', dltai 1.0 .'Util n ;c! !'’! unimM lot Dciejii'e Tt-in’h- 
ji,;' (IdtMi), ,Sliat, ,M, s in th'ioni'e liduiation (J 97 C>),TtK“ 
lu'lu'idually An'd' !.in;d ;h icnco i'eai her tnineiUion Idojetl 
( ‘> 7 >), and io‘!,h.,pi.,;' Oin Scluiol fjeumte Lducatioa 
{ 1 'I / 7 ) 

nt M'l'ji, pul)iuaiK/nS 'a'lSc ii.Cll i-IlbsidlZdcl by 
'III' Guvi of iiiduiii Mo", (NalKiual Pejuk Ttiist and 

tin ilf.tiRi’ 

('niM-nlly lie 1.. f ngtip,' d on an I'.RIC (NGFIhh) thojcit, 
! he i ),.‘ii I nimaii in A'.' ! >i 'oilopiaeni ol Si iioipesi of 'fhonpht 
Adok'aeenei', 11 Linigitudiiwl Study, 



PRlIAlVl iSlNGii ij iCiulri Jii t '|iic iiduii ;iL (lit; ihiiio 
lUi! Siistitiili' i)i Filiii'-iiu.ii, r'lt'vv riolFi !!’ IS /u'Fii.r ,)l 
I'l'cpaiaiioii A f'. wliuliwn nt Fmlc'i'V 'iV-xt f hmI s and has 

COIltlibuk'd llUitlMUilS jKip"). in .-duC,lln;nai jOUlill'I-i 

RP SINdili IS ilS'Iim in rdui'atn/ii 'il tli' I li,iv< i.nij 

of ['idtui, tli 1 tiuv-riUon In' has . lii1u'ici,I 

iiuiiiy icscaicli papt i;. 'iinl 1/as sapt,! vi i li /[ i imal riM\uili 

\\oil> Fc is ciii liMji ‘ a’s idiliM oi U * Hiui.m fuiuiial 'm 

Id jctu'tnctiy ni'd li'm, 'uou li. i' ' in ' - 1 is' aka f ol /'ll 
India flciciKe Teat In is’ A'l'iSouaioMi 

SP Rl'Mi'i /\ a pinit.'-s.'i I'lf /■ dll ;it (In' Mim- 

atlial Pitidesh Uiiiv.rii'’, f'ln'la lie n, also fR.ni at' Hu; 

! acuity o' LdLaatmn l.nna'l.'il Pn-dn.li i 'u" iMM(\ , dinila 
111 J'j iiiitlioi Ilf llii‘ i-un)c.ili fSl.il - 11 '-' i . fliuiiiru i Tliaih 

(Idfid) u'l-'i-idl GfLciiiiiiuiutd ni f'tIuc.il'ilK'' 'ii lial' i (I'hai) 
lliii'inatuiiiul Dill cii./ v (il f.(,i i ii.ln !■ ipil Ahnloisin I 'n us 

lo|.') of rulucatH'ii ( ‘'(ill \ '>1 r[ ■ Hm uipijv' 

ol ihn Icachniii Pior^'isiini, ('^'dl/), laii ici|o;;ical Poimtl' 

lUvons of f'llutation ui C’'>i'l‘rin|'niia!\ tndia f to-iuiilioi ) 
( Dl? O), '! I adu loa.il WHui s 'i( tliu i lup m ''m mi y ud t i .Meuc 
Stuileiiis [1907), iuid iiiuny fihuth 

VN VFANCilOO IS piolcsSf'n .R Uu’- lIutU'iKil iiisti- 
uite Ecliic.itioii, Mil' i-fllii. De is piesubjil n) tho /‘HI {udia 
St !'‘iu'e Teaclieui’ Asm/cuUhiH ! nnarii' , he ''inuiji.a 
ol tilt P e[ uniu! Cc/llrpc ol Tdi.i ntuin, Ainiei and f/r;ta o( 
Hu 1 amity fil tdiu.ii'fin, D 'fiistluui Uinuisity, Jaif-ui fie 
IS the uuthoi o! I'Tuila uii’lu s am* H>ictui! IhdinaUnH in 
hidijti Sc'iools .liid C'n-aiillii'i 01 Riwaaliin Hcteraa a i- d 
Matlumiatics Pdumlion 



i’Airt ! iJciiJticc Lfliicdiioii : An /'niily.n. 


Sciieuce tducatiofs RfjL;earcli ■ 
'Piiiposes a<u! Piioriiitis 

W N. WofKhoo 

k, ‘iood 


I tic icaiicc (if i.tiuKA ‘fias 'li 'fii ii,ali/ed liv all atic 
L due place lias been p.iven id il in fnifiia) ediiialion oniric 
Atmts aic also i.cin^ niudc io p.ipalaii-c science Ifiuuipli 
iion-ftii'iihd edueaiiviii I'Of the Ia ,;1 tluily yiM'.s (in ui has 
hccii f 'gniiu ant pinguss iii t'nc iuc-a:i ofSi'Kiicc (urncnluni, 
science (e\t Pooka, {liepaiation (if jiistiiit tioiial inaleiiaK 
and development ol leicvaiit cvalualive ptoccduics. Ihesc 
cliai'jiea weie witnessed luii only m Iricha hut in otiict soun- 
Ines aiai^ ^!'a:>siv^ ellVata uHieetning aueiKc cuiiioulurn 
'piotjramincs vvcis inadi. in IdbOs U S A is a uisc in pennt 
In due comst, ot toiie it as'iiinicd an intenidiuinai iiiovcciicnt, 
In fpcha llicsse tii ^v appria'.lu ,i wtr-e initialed thinnah S’t ictisc 
Sumniei hiaptutci; Since I Pd 1 maa', etfo.ts Siave been niiuli 
to !ici,|Uaini 'he svieiKa' tcaclieri with (lie plidissdphy and 
latiuiiulo ol iiie new s' u nee eiiificuliini so thal ihey ‘ an 
make Msc (/f it 111 liatluiifi and d('y'‘lopnit', si leiicc (icitcdah' 



I 


These et'toita iias'e bcei\ proved very ft appciirs thiU 

the foundation is icady to suppuit lurthei eiowlli and answci 
to niany pertinent questions laiscd fioiii Mine to tune 
UntoitiLuatcly, tlie case is not as simple as il aiqieais app 
aieiitly beciiusc sunicient icscaich support to establish ciiialjty 
teaching in sciciue was never provided i'l the elassioom level 
(t IS iiiL'ieasuigly being fell that icthinking in S' leiiee edue.i- 
lion j;; needed Though the qucstioivi of aLeounlabihty and 
huinani/ation are inost inipoitant yet sonic othei qiieslions 
need immcdialc aileiitionof the [uolession These qLic.uonrj 
.ue 


i he tinning of students auay I'loin science coiirses, 

A teeliiig til cliS|iinction between science iiiul society, 

The value free science entticiihnn, and Nuituiing the 
potential cioiilwe talent fioin ddfeicnt socjliI '.tiata 

hcopc ol Science Education : 

The above mentioned qucstion.'i need nnmcdiute: an i- 
wers so as to piovidc telc/aiico to .science cducaUon. (.'on- 
venuoiial appioach to science education does not pay iicfi 
dividei.ds Science leaching should not lie lakcn as the 
statement ol the facts or a piocess ol nupaitnig scicnlilic 
infonnation ;is it develops a iniscomcption among the stu- 
dents Students feci that science emcigcs from the science 
teacher or science IcaI hooks. Many .schools and College.') 
ol EduciUion aie presenting science as iacl-oiiemcd aisciphiK;, 
ilieie liy, delunitmg tiie scope of science education, Conic - 
times die .'ilioitagc of ucience equipment;;, tniidcriuately tiained 
science teacheis, and nniinaginative teaching mar,; the spun 
of SLience and depict science aa dehufUrUii/ed and impcisoiiai 
iictivitv, The scope is iiaiiowed down to an unbelievable 
c.vtcnt Bui ladical ictorm is in the olhng Recent etfortti 



iiii'C iiiJu 'lied lii il ID niii'kc SI irnu^ cdULiUiou inciininjiUil, il 
IS cshcndal lliul it K uso mniLuhun should he uiaidu-d wiihiii 
(Ik wide luIiiuuI and societal eocueAl '! lie AmeiRan As ,o~ 
Liation till die Ad'aiisuiietii oi S' i leiu i. has very aptly 
iiieiitiiuitd 

■' . .. d LOiicciiis (ibL'Il With the qualiiv of man 

ard Ills quaiity ol human lile ari'l dL-'oit", dself not only to 
■Ji'tovcjy and dissennnatinn -d seieatilR SmIIis hut /unu' 
to die laimaiiisliL vahi:s” (AAA3, C'oinu tl ViLctinp,, 1 ‘) / 1 ) 

Shuilailvlliv UNlahCO Coiruiiia'iion on rdikation in 
■ihLii i'[!oit, emitlca, ! •earning to (I'Wd) has hud 
eiiiphasni on the new a|i|ii'Me!i to n leii c cdiieatMn in tli' 
iolluwitip woul'i 

“Tls ' ntvei L'lmi n en oIuik/ii in seic rii. > maKt , Uaditioiial 
'nttliods oi te.'ulun;! lots and Ics" aeei|italln \Vc earmot 
hope to uhsoih the kaowled[>c caplosuiii oy cianimiug biaiiis 
with moil M-'eritilii iacia ami hy icinoviii;' iiul-dated suh|cUs 
I'lom die ^ntite.th'ai ijn Uie oonl.aiy, Seicnec teachiiii shotild 
be b.isi d (Ilia jiiapuietie seareli loi soiutiun;, to iJioblcins 
uiising on' o( the iioiiineiit cither dneetly fiorn reahlv' oi 
dciived IVo'n nrodels 

Vet / iiaenlly, Rais Ahmad (id/h) h.is visuah''cd llic 
s ightlnl lolf’ of so eaec m naimma! (ic.'clonmcnl lie says, 

Tilii budges (ic.'ivec'i tlieoiy and piuetiec, 
luid hetw'en se’ciuc and tochnohipp <m the "au hand and 
as|ai aiiou', ot the people on tlic o. hc’ hand, shoMid h* hiidL’ea 
Jo nuikc c'diiistion .eiei<int so social luids Suienic cduia- 
tioii slioiild (lidil di; o!)|ei,iives ol oibKatiun whe h 'ur'c b'-cn 

'dei'tilied 'IS btine I asen'i lai , bciei'cc edueatiou oi'i'i' 

share (he i espt psibih! ics of cU'ii iition ui tla lullesl at))' ‘ of 



woul (i inusl br, biiiicd on si.ietn'i tis pnu oi iuiiiiaii tLiltun', 
so lhat oiti'/eiis an; ablv; to coinpicbaud llu'u enviionnicnt 
and to intcniLl wiili it in a nn'diiuii;(Li! way wliile nuikuin a 
ontical appianail ol' all ilit inijiliLatunis Sciciilc t'lluLalioii 
nuisl help develop the cii alive faeiilties of the .'itiicltnts,.. 

In the lust plai e the intiniati- itlalioinship lieuvtxii seieiiLe, 
iOeia! seiemc, and the liunuuiilies whndi wo oivicivo in oiii 
enviionintnt and in oni society, slioukl lie reflected in the cur- 

neulnm, particulaily at piimaiy level tt is also cssi'iUia! 

to use the eavuonnient as a basis ot icscaith and uu|uiry ’’ 

Tliciefoie, a lontinuou, ellbil is nreded In pieseid 
science in its piopii piespcUise adequately based upon 
leseaicli lindiiiv.s. keseauh findings will add new dinuaisionii 
to eurrcnl piacticvs, and nltiniatcly leseuich suppoil will help 
in building quuldy in leaching and learning ot scif'nrc, 

1 uielnng and Rcseaicli in Sci.jilt. Education 

Them aie many prubieins in science education winch 
we ate taciny today and Iheie is an uigcni need to bica!'. 
away fioni the conventional appioaciies and develop irnliativc 
in new ways ol perct-vuig and defining the problems 

Science tcactung is a couiplcA task and to make it 
mcaningtnl there it. a acecssUy to give to it the icsearch suppoii 
The rcscatcii findings will piovidc additional dimension to 
modify das', loom tcadaing and to meet the challenges. There 
IS nil iinpciceptibls but nnniistakable link betwcui the quality 
o( leicaich and the quality of teaching 'The ic,.se,uchci who 
is engaged in deteimuimg new peispcctivcs w/ll def'initelv iim 
flnenco teaching by his findings, [t is tindci siandahlc that 
rewardi is helptul in deteimiiig the effcctivcnc.iH of develop-- 
mental piogrammes in use or in piogicss ft is also possible 
to seek ansvvers of unresolved problems in science teaching, 



'Ihiis, thcif ;iic many tiiiK.tiun:i <>1 nim atumal ic.siaith 
hclpuiy, ll) -'cliy tlit tcai liei m (lie lIiI',? loom instnictiuii 
f'ylt'i (i965) li*u. lony bank mfiUiotied sniiie tiiiiLlioiis oi 
odLiuLlioiial iCMMith wlui'ii ati, also ai'plnalile lo i.usni ( -edii- 
uifioii u'Si-aitli f lics« liuiLtioa;; cUl a;, follows — 

(a) Proi'idL aiisweis tii opeiatumal (.|iicstions 

(b) Assess I'diic ational piop'iatniiiL'S, puiLtinji, Liiid uuittinils 

(l] liiidd up .1 l)()dy td' iiilotiaaliod aboul LdLiuiiliunal 
entci puses 

(d) Piovidc llu; out-look, stiiuuhdion ami [luidaiuc lot 
ediiialioniil tiutovaliou 

(o) 1-\'vlIo|' mote adcquLilo Ihouiy aboul eduitd U/iial piou'ss 

[lius Iho pui [loses of ;.ciom.L- tdiii.alioii It .LMicIi aic 
varied and they seel: aiisvveis (o the piohli ms lelaletl to 
leai'iiiui’ in scicnee 'I here aie ni.riiy vtinable-, wlneli inli-iatl 
witli one atiothci ami intiuonee tetu Imu' and leainuif-; 
Wamhoo (1'J76) has very aptly destriliLd il as luilovvs 

‘'Sehool eduealion is a inultulimeiisinnal sv'deni tl 
dep-iuls on a laitye iiumhct ot latlois wliuh inipinpa* on em li 
other, liaeh taetoi haa its own yiowth rale and lovei, 
upcialing Lindei seveial larnsliaints in Ihis tounUy Diiuen 
sions ait , students, kaehcis, lacihtics, academie set up, ami 
administitUive set up.. ,„ll the aiin ot ednealioukl [uomss 
is to shape the pei.sonaldy of a t hild so tlial lie i an seive his 
linuu. needs, can umlubnfe to (In, intals and devclopnu nt of 
the Lommiinity ami the nalion ol whn h he is a pait, and can 
learn Lo le an alert leainci all his hie, the inler ielatioashi|! 
of various diiiieiiMons aiul tin u taetois opcialiny in a t lass- 
room as ivt'l! as onl,side it, innst Imsludiid adminidely Heme 
the need for cduiidijiial icaeaicli 



r, 
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PriouUeH III SciciilC KdiiuaLion 

Tlicic aiti viuit-iL and signifiaatU aiLas o( .aaencr edu- 
Lation vvIikIi dcriKiiKl iimiiccluile uUeniioii t)t tlic iescattheii. 
Ifiifoitiinuielv litLlb h.is been done in the licki of SLinriro 
cdntMiun and nun.h icnnniis lo be clmic In rohtin” loikIi 
lions icacaich puigianimea depend on two vital tacUns, 
nanii-ly, needs of the Stliools nnd the avnihilnlity ol tins 
expel Use I nilunatelly anolhei siginricniit Lknicnl, vi/ 
linaiiLial luipcct, has been solved by tbs National Conniil ol 
tdiienlional kesearxli and '1 mining as well us othei LivuntitS 
by pioviding sudiciciU amount foi ednealioniil I'cseaieli 

hut science educators tins is the iiiosl appiopiiate tunc 
to Lonsidci tile woi ihwliilcncss and iniel illness of seicticc 
I'diitiiUon-iesearch in the light ol iiaiiunal needs and the 
dheeiion in which the national thinking is going on lo map 
out the toiniat for si.icncc"i ducauoii-ic.t aicli, liuie is a need 
to locus (he attention on the piiuiitic,- of leseaich, liased on 
the social needs, and Ihc lequiiemenl.s, io inipknicid new 
education SLicccsfirullv . The inclnsion ol si lenec and iiialhc 
ukUks cumpulsonly in ten yeai si booling is an indicaloi lhat 
we have accepkxl lhat . 

1 Lducation has to be idatcd io life, necos and aspiiadons 

of people and i( be an instrunicnl of social cliange 

2 rducation should help in piepaiing scienlilically hleialc 

ClllCJPS 


3 Scn'ine is an lumanientaiinin ol a mind <o[nn|' with mock 
icn tec Imologu al sociciy. 

4. SueiKf is to bi- taught huiidically loi developing mlionai 
ability and scncnUfic attitude. 



Miuiy .ucdt! of .ii'icinx" niiscatiou .uc (ini- i|iiun.d ,iii(i 
need iinmediale .dteiUion uf the woikeis On [luoiity tni.if, 
we have to select tlic Uicas uliich u-fli O 'ai/iipleinentarity ot 
lestaieli and devdopmciU hoiiu: of (he iniponaal oeas d 
science cdticalioii resc.udi aic us lollnw , 

i. Sciciii.e and sikial rclfvancr 

7 - Science and prodiictivUy. 

3 ScietUiric liteiacy 

Science as an instnunent in developing rational iihilitic;). 

5 FofiSibilitiet) and cffecdwncss of intt^'ialed scieii' e/envnon 
nicnldl sciciice/dneiplinc appioaih, 

6. Applying the ethos of acieiv c (o change nna!, iiaililioind 
VliIhc system 

7. Teaching science in iiiial ateas and nlentificaiion , niiiUi- 

!ing of talented atudenls from these areas 

8 Teaching iicsence to socially atid oeouonucally dcpriveif 
children 

9 Using iion-forniai agencies -o apply science in ciianginj.; 
tiaditional attitude;’ or in creating screnidir teinpei oi iw 
spi ending scientific lileracy 

JO Piepaiatioii of scietice teachere lor pii/nary and scooiichary 
education. 

3 1. Developing soicntilk humanisro, 

12. Encouraging niulti-disciplinaiy icseatch in science edo" 
cation. 



11 ts iii(>U uiftc 10 (Ksc.itd ((.uliiuxial rs^'.oaioh vvhii b if 
iutcm|)x''I only foi IIr" .'>ake id' fciicytcli. w (hi* 
■iiiiiaiioii'; (>! tx[-liina!inii* ni;iy iv, tin (c!,e:iich in f,ti< naf t/ln 
l.iIkm; should lic i i'lrx*tve ni f n'aLing nsiidul clnwigos in iiritinii s 
ih'L'SiOOH.s “^Ititnco Y'duoaliun f.lioii'd be (.‘Cnuuncd no) 
(inly wilh rcsciiuh but v/illi tlii cnfjincesini; id n'M’ank 
',0 that it oaii be tcanslale 1 iiitv' aidivo use ui the elnssioom 
It 1 " e''id^(it thill ict.eiii „h iKtivily if uppinfu iat< ly pliiniu'd 
.iiid iioiiaslly ^ouihii led, siu. lead to tiieieiisod ihmivid 
’hoiiLlhl iuui It v/dl a'lso 1 •; a liU!iirini/,iiii' e- pi r'eiic e lo> the 
'A'orke'S III tlie field. ' ’ 


f' i !'i.ven;uf a t 

\AAd (ioiinral fVluotmt/, Docunbef 2‘d id"/'! Pfiihid>jl|ihia. 

Loaininy to ff’\nd of Eclncation Today cud 

Fumomn',-, fcdgai l uuie (ed.) UNLSCC', Pan;' 197a 
‘'totlinij Delhi 19/3 pp 'lilS-lhS 

Ahiriad, Hais- 'New Pe,stjdctiveb in h'r.ienao Ldu 
ealKi.,'’ yioyan SJnkyaak, Vol 21 |\lo 2, Apnl 
ID/'b pp. 1 Pi. 

Tyler, Ralph \J\I “The Field of Eriucniioiidl RasenirlT', 
The Training and Nnnure of Educational Researchers 
Blooirnnijton, IndiHriopolo.s : Phi Delta Kappa, 1965, pf) |..i 2 

Wanclioo, V.N "Devtdopmoid of Hrsufiich in bciorice 
EducaiionT J'Topaw iS7i/7wv/jnA . Vol, Id, No 2, Apih-J,ine, 
19 74 pp -1-5. 

Coanp^esin School Sctcrice Ttoohutg Reiiool Council Fsnl- 
If'hn Nl', 3 , luans Btothoi , Lkl. Ju.idon ifj/o pp. 3-3- 64 
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PART ‘i Si:ititice Rducatium Rebodicli ; Aii Atjafy'.is 


Science Education Resaards 
!n India : Ars Anaiy&is 




T'uday, science cducalum tOiilioiiis vvilli uniny' ' 
icnis iincl icsponbibihdcs. Some o< the [Mobleins in s‘ lenee 
ccliiLiUion arc ' Imv/ !o develop M.icntitic concept'’, liow to 
prepare science ^orticulm nuucn.il,;, Imw to i;enei:ttc socud 
itwarenes:. abont ^cieiitc ttiici scientists, how to nurUiic 
nciUivc trileiu m acieiice, hov/ (o e/aliutte leatninp, am! 

teaching m scieiue, ere Some i.i lire reaponsibililies o' 

-icieuec edueaJion aie related to relevance, aecuuntatnlny 
scientifie liLeiaey, dclei’mmm» rlic aetnal state of knovvlcdpe 
tn aetertee edmatuvn, Impioving the stalut’e ot the field, 
determining tlic location ot the hontiet, determining tlte 
striictuie of science education, geiieiatini' the tlicory ot sci- 
ence cdueation, and humanizing seicuce education. In India, 
rerponsibihtiea rn soeir.e education a>e much nioie lhan the 

pioblenss tvcau&e th>s field is new and much cemmua to 
he (tone 

The Nature (d Science Education Researtli, 

The iespcuisibtlilica and piobieiiis in science ediicatiuo 
maesskalc con'muoiKi elToifs lo improve i caching tnethodo- 



tutjv, ctiiiicLiluiu iiiKl SI hool envliOiiuiciil One dl tlie U'slci! 
nu'iins to fiiui sokition-s o! these ptol;le>iis i3 tn tenew fcseai- 
cli ellosls !t\ si'icnct edncatioti. Those who aic coiiteined 
i-vith leseaivh in sliciRo edLieanoii, .lioulil tiy 'm ilcteiniiiic 
‘its tlciiven'is and then )nl 1 iic-ncc sm pniiif leauiimt' h wr 
aoine cl-aNci to tUe 'lealilics ol lesca'.iti tn seietKe cRkt^'iliuiri 
wc hai'e to deterroiiK ttie areas ol leseaieh in snu ih_l edueMt 
Sun and tln'ri lo nidseate j he piolileo'', ihai ,t! r.icb 

‘ol llsenv 


Uese.i'u'li 111 SLieiie'e edaeaiioo i.a systeliiatit studv ol 
ipuihlenis that ale td.iled to She leainmy and terah ut 
scieiae. Science eclui.atUMi is an aiea alune iiueKudion biM 
ween hehavjomal slicikcs and naiiual sen. nc< a Uikcs plate 
'I hf'i el'oie, SLienci ecKicatioii rescaKti n, inltn y arid 
a icstaichei applies pcdagoycai piui'Ci[iles m tiie uairiimi 
and (cathinc' ol natnial science *' /\s sxnencc ediiuauon is a 

hybnci of the social and naUiial scilikcs, a loseaidier s’hOLiht 
ipossests Lindoi •.landing Ol hotli, luu ital stieive'-and social 
scicnecs, 

Cniient Re.eaicu in Scieine FaiacatUin in ImlIki 

in India, cduculional research iias 'hecn :inaiy/ed by 
,\dava! (1968), Ahluwalia (lh73), and Bueh {lh74). Mi 
these authors have included sci’cnce ciltieution j'indies m then 
'levicw, .IS IIS inlefn.il pan fMcenlly, Wan^huo ami kaina 
(1976) have analysed science edncatKin ’ic-.earc'ii, cunducted 
at the M Pd kvel in diifeanl iiiiiveisitics. I here is no 
aiiigle simiy 'wliiLh (iiesents a “whole’', view ol sc inner evlixal- 
ion leseai'Jli in Iiuha Sl loriee cdin alion lOccault m India 
'iScaiMid Old in.unlv dy the edueaitonal anenMcs, colleges 
ul echiiai'ion oi Hie nniveisities, imd indnidnal s'lholats 



Sonic ol' Ihc inijHiiunii I'ci.c.u'clics in scic.ncc idiuauui’ 
have been coiiduLled by the National (.'ouiuil ot f'lba alii ‘rud 
RescaKli and 'I rainiiii; , All l/ulia 5h leiu'e 'l>ailiti''d Assni in 
lion, State Inslitue^ ol t^uLiue Enliieatinn, ami l’■o,ud ol' 
Secondary Fdiiration ni diflLiViit Stales 'fliesc ai'enLias have 
attempted !t'S(’.ui.h ill ilie (otni ot' dcvdopiiijj, scmncc unu" 
eulum, jiicpainiy seicnce lecl-booL',; devciupinj’, msitumional 
matciials 01 stienecktls, and piei/ai'ine new tci hniciii^ s cl 
evaiuation. b ineanj niost o| ilie rescareh aticrnpis 'veii ot 
“devrlopmenUil ' and •'■sei vie-’ ' fnndiOiFS, 


Rcscniches foi the pnipoau of degice have ijceu 
iindertaUm ,-it the Ph D and M lid. k'V'’h) The atti;mpt.s 
at Ph 0 level a, to loostiy on deteiniiuHig smcniilic aptitude 
and cieliievcraciU in seici'ce Sonic jcsetuchc’-.s have wodfcd mi 
the area of science tin iicnhitn. Saaena (l 'thO), CJupta (I hfO.) 
(loop Piakasih ( 1 96S) , .Seth (NAi/), and Hounda ( 1 h70) 
tiled to develop and staud'iuli/:c attaiiinu;ni7ac.lik;veniciit tesln 
in fitience Dave (ly(i4), De:.pande (1967), Vcnktaraniaim 
(1970) developed apUtndc ie->ts loi ‘."ience, 


kelkar (t9‘i0), Patolc (I9(.7), Vcd’i'.ppa (ro'iS), 
studied Ol developed aencue euuuses.. 

SerV'Giipta Baqiier (I96.'j), NayAt' (1971), 

itud Fatluik (1972) determined factors diOetentiadng high am! 
low achievers in science. .Sood (19 7'!) has studied .altitudeu 
towards science and scientists, '"/aidya ( 1 9 /4j has stiuliedJ 
some aspects of thiukini' among seicnw; students oi adolcsccnli 



At M Ed ;iiJfm),.uiiiU'dy dJi studies iiavi* ti' cii 

'idAHltiv led 111 iniitheniiitics and lu oLieniA' nfluLat'oii An 
liauiUivc analysis hn'. been attiauptfil {tahli ! ) in (he buolr 

lli'seardi in Scit-^nca and Maslieinatiai Edui'Uihn 

fWanelioo and Raina, !d76) 

TABLE I 

AieaSi of Uescaicli LoLal 1 ^ 0 . ol Studies 

1 Mathematics Edmation . . . .... .../idS 

I Science C'uiiiculuin 91/ ( (> • * * ' ii ■ ■ ■ V aovi * ->« 'iftn .! (J 

J. Mctliods ol reaching Scicnc e..,. 

4 Iiisli uctional Maicnal,..,.,. dl 

5 Scipucf; GvaliuUion .,,....>^..,1 S6 

6, Prcpauuiou of Science 'I'eaclscrf 8 


Total 3hO 

hiclivulual scholais have canted on! many suirlies 
Nome ol the example;- are as fullows . 

L Survey of l^hy&ics Teaching in Rajasllian, 

2 Mallicinatics and Science Ediicabon in Indian Schools 

'L A relationship between Attitudes and Achicveroenl in 
Science 

An Analysis 

Rcscaiches attempted in scieiue education have hi'cri 
analyzed In Ihis papm , Most of the stiulies tall in one. o( the 
following calegoiies ; 
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I Devclopfi'iCnlal studiHh 
2. Siuve/ Stiidic;; 

J, Tuiit C'oustiuutioii/cvalualioii 
4. Difl’crritit tiiL't lioiis o( 

Developmental ami ‘umey ^tml^es vveie nl’ pical aipnili < 
cancc {of a eouiiliy sncU as India. It was po'isihlc to dclcr- 
mine the e,sisting sliitus «t allaiisi and to piepaie ounKulai 
matei'iala The cui'-icnl.ii matciials picpaicd hythe Tl.C t R 1 
A. I S.T A and Boaid of Sceondaiy Tdiieatioiij aie o{ gieat 
ulihty. Devciopnicnt of science tt a-lxioks foi p{iniaiyatv> 
siccondaiy school stage piepaialion of instt iidionai rnalei lahi, 
and new evaluntion techniques, we/c the niost pifonising 
attempts It will be piojict to realise that (nod of the aieiu c 
inqnovetuent ctiofts wcie not staited .is Kscaith sitidie'., biii 
opetatiomd piogramrne:'., reflecting the philojophy and lai- 
lotuile of new science cuiiiculai inaterials dr, eloped iii ad- 
varicetl countries '1 hese piogiamnics .ne now getting indc- 
genous llavoui and syr.tcraauL new approaclo 

Most of the science education ic.waich has tiecn con- 
ducted by the degree .■studenis. ‘hSuen ictcaicii is necfsianly 
huiried and haitied.’’ These studies are done for the purpose!' 
of degree and than forgotlon, without using it 

Appioxiinately twenty live pcicent o! the iludies arr 
fact trading surveys and lacks geneiali/ation. 

More than foity per cent of the studicj aic related 
lo ihfc aevelopruenl ol achievement test, A,t the Ph D level, 
this pcjccnlage is much Uighet, 

Some ot the studies have evamtned opinion?) aboui 
values, objective?!, courses, cqmpmcnt, and tcAt-books. riiese!’ 
studies ate not iiltempted under arty theory. 



Some ol the .studies luve i^onipjied dillcient methods 
0[ aeicnce t,'aehmi5 wUhout any euaclusive, evuLMiees in fd'/oiu 
of one Ol the olluo metliod 

'Ihcrc IS 11 (leaith ol [nngitudiiud studici, spiead ovti 
u suflkienl span of time 

Some initial attempts have been iiuulr in the aica of 
eieiLliviiy in scienee, iindpistniiding ol liic naluic ol scienee 
•ittitiides lowards seienee, and I’lagetian thinking. 

A critical fit iidy of one hiindicd disseUationr, by the 
aiithoi shows that leseyu'hiii science eduraiion is fnigrnctilaiy, 
'itheoratieal and each leseanh cllorl appeals to be a sepaiatc 
clloit and it is ditlKult lo gineiali/c ihe hndint!K ol ddlrrciit 
studies. 


Keitipa nas lecoidcd some obseivalions on 

sciciKc education icsoarch which is tme m this easi also 
As such (he uiticisin is ns follows . 

1. The absence of an adequate llicoictical Itaniinvork 
undeilyiiig imich srieme adiicution leseaich 

-- Mcthodolopiciil shortcomings la the design aiid tin 
escciition of research stiulies 

3. Inadequate attention to science' sped lie problem'! 
of Icaining and to the clima'. leritic.s of (he science 
icainei. 

'I'hctc aic no cKoits (o devclo(i nicidch and thcoric. of 
science etlucution. llieie is dearth ol suitable insti uiiient.'* 
needed to conduct cvaliiafo'c studies, lucasunng cogiiilivc, 
aOectirc, and p.sychoinotoi aspects oi Icauiiny, it appeal.'. 
*hat rcsi-aicbPis ate not (iieparcd thotongidy iu the uod-.r" 



It, 


stumling o! the .icaclcimc tuiMs lu science cdncation, iityehn-, 
lottv of learning science, application o( icaean h tecluiiL(ucs 
and bt'jtistical methods m science cducatnm n’scnith 

Main Aitias ol Rcaeoicit in Scicine {ulia atiuii 

With Ihe emeigeace and deve((![niu*n( ol new aie.is in 
ecUicatiou, the langc ol topics of study ns well .is the leih" 
niques used have widened. ’Ihns, stiidios conceinrd with child 
development, sociology ol scieiicc. nutritional dehciciicy and 
Icaining, biain development and Icaining, leaininp anti cultiiial 
impact are some ol the areas which iifccl icatfUsh atlenipls 
with inoie vigoui and incieaanig licqiienty Some of the 
otliei lueas of lescateh in .science education may be attempted 
oil pnoiity basis d'hese aieaa aie a, tolknva 

1 t^eainiiig Science 

(a) Concept rornialion in science, 

(b) Puigetian iipphcation and concept ieauung, 

(c) Psychological consulciiition.s foi tcai biii;» and leairw 
ing of science, 

n Teaching Science, 

(a) Stuitegics o! tcaching/Mctbods ol teaching science 

(b) Teaching Style. 

(c) Classiooui inteiaitioii and learning of ,-icienct. 

(d) Micro-teaching as a meithod lor piepanng sciciicr 
tcachei s, 

(II Curriculum in Science 

(a) Cuiriculum development in ►Science. 
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(oj SciMicL iefi booLs .ind in‘;n in i iojkiI iiuilcnal;' io 

Si II ni t . 

^() Sasciivv. Ciiiiii-HiUEn LvaliialuM’ 

IV L I'.'iiudtioii UE S', 1C11.-L 

(a) HvalLiiiWon tc- )im)ii •; ka iiic.isiti iii;-, Uitlcrciii aipt^L'iiE 
ol hduruiit.' 

^bj PEepaiation o'l eviilnaiiou <n .inmitiks 
V Mi.SLelianeou:; 

(ii) DcvclofitnciU ul iiw-ilcly,/''-nc''/!iei, in scaaiio cdiii litior- 
(^h) f' lu kill!'!', th'. -"M-.ibve tcik-iii ’ii stif*!!!’!', 

(c) Mcdinii ill); sooud a.ipei.t'- 01' s. icncc 
VI (a) SiuM-ildjiy 'I* sc-UTic, 

(h) Siiiinli't'V '■>( s( u ncfc cdncatkin 
P’l.uinn)^ idi llii' FiiUin 

An analysis id suciill- cduciuiok rest aid'll iiiUicatL', Uki'i 
'1 has been ycided l>y j>eneKilu,t.s cii cdiicalu'ri ni psyLholcif.ists 
Sciente ediicalion lesenrch ir. India, is in lU mt'ancy and scichlc 
edueatois have fn biidd tuiditum' ol loseacrh In ColiCj;e', ol 
CcIiK'ation, SI icnie cducatioii is geneiallv equaled lo inethods 
of teactiiiiy, M'leiiLC and in its Matuie it is always siiboidinatc 
'Ul psydliok))'\ , Soience ediidatiou i.s lo be rslahlishcd uii a 
icpcuite KLib)ti.t Mil d ( 197*0 has seiy aptly naid, 

My fust plea n, thui we need tn eatabhsh noiir cofii i« 
'fisdy a iheoiv ot '.tieiiue tta'.liinp, 11 philosophy, a 
Uitionale, a iioiniative atntcnirni, a point ol view, 



what cvft teim you prcl'ei to (isr v'/e can t'ntU] il)ut{ 
to the itiipt oveiuciil of om tick! ky e?ipo‘inj’, nm cdii 
eational theoiics to philubophieal < utf-ism 

It bei oiiies L'vid'.nt llial tiluwa.tiou tLbiaiil; 

should be based upon a iheoiy oi a iiindel lo nuiumio 
the weak lU'.'.ses ol fescardisu eoinnuuily LoiUDUttcd liy 
the lescaichei ; iii an absenee l»( a iiui'lcl. Aiioidinutii 
Ga^je (1963) ii well drsiyncd model l\ilpLi to eUody 
the iaetois that have been isolated fo* inee'stigtilion. 
II the lekitionship". among factoi;, ate pnaseiiied m 
giaphic 01 outlmc i'ointj the dynamic stale ol the nuidel 
can also be tepie’scnte'd 

{n India, both, ciueidatory icsetmh as well a.. ovaUiii*' 
tive stuclies aie needed. These .ittcrnpt., will piovc useful in 
cMitblishing the tlieoiy tn paiadigm of' seicin e- edtiealioii utiU 
will piove tile etlkacy ol the seienee ptogiumnici kiunehed lO 
the country, 

Devclopinetital ptograinmes and fcscaich should gti 
together, Tliese aac eomple-invniary to each oahe-r and .shall 
make leseatch operational 

Imaginative and bold tesea,feh designs sbould be riico-' 
utaged which will help the leseaichec to in'/csttgatc the- inteia- 
ction of factors that both faeilttJte .uul inlei Ibor with th'" 
leainnig ol scieme. 

We ..honld imptove the rujeaieh eoinpaCencic.s oi' seieme 
edticatofi Research eonipete-tiec shoakl halt) m .'.olving inaiiy 
problems with all inuigmattoo and rtystennatic (Cfieaieh me 
thadology. M. Ed. scienee education eotiisc honld also bt 
imptoved in many aspseta- 



ScicliLi, i-diiLatioii le'ieandi slKiiild ht a collaboiative 

anionfj 

(a) n si‘aii.hei', iVom natuial SLiftiices, hcu'iin' ulu- 
Ciil(jis, jtx loloi'ist';, aiul p,‘iy<'hok)xis(s, 

(b) d'ullc^'ef (il '.’(luxation. State Institute:! eit Suciuc 
Fdutalion, .uul H('aidot Secondary Education, 

(c) Suence ecincalois and ‘cicnce teacher;,. 

(d The N C E Iv T. and ilic- Piofessional enga- 

iiiT'ations 

Gc'eiici; education lesc.udi phall he syrithcci/ril uBularly 
I'ld It should be ditrused cH'cciivcIy l-fete, il will be iisctnl to 
nientuni the elluits made by the Icachci'-' College ol Colunibia 
Umvctsity and Ui It; 1 C. at the Ohio State linivn ' ity, which 
have piibli&hcci all leseaiches attempled iiiMicint cdiiealion 
111 the last liuiidied yeais 'Ihc>e is a hope that sneh tUtenipts 
,hall have muitipliei elks I on r'eiencc Ficinc.ition in India. 
l-Iovve (1966) has eeiy co'ictly snggcstcil that science 
education should be com eiiicd not only wnlh icseaidi, hut 
engmeeiing of icseaich so that il can bi tiarislsued inlo atluve 
use in the i lassi oom 




Adavai s.li (i.d), Hie Thii li huiia/i }.Ytr Botsk 
Oj Educatl&U. Naliona! t'hniiicd oi ridtii ali.uuil Kosicuell 
find 'I lai/iing. New Delhi, I 96 ;l, 



/Uiki wa,lit( , S IvluciiiKMial Ki'sca'ahia tiiaia-a.iui^ a- 
dents, piotileius, and piospett'. /oiirnal oj ['jitiraii'jndl 
Research and Rxtension, V<*l, lO, Ni< 1, Apid, Id/d pii 
1 — 20 . 
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Pli IJ. 'Thesis, A M. (Jniveisily, 196"; 

Buell, M. B (cd) A Survey oJ (ie%earcli in Ee/do 
ation. Ceiilfe of Advoncen! Study iii [idin.akoti, M.S ttnivci 
Mty of Baioda, 19 7'-!. 

Eoimtia, R Iv, Coiisiuietion and Siaiidai di/ation oi 
Achievcmcul Tests in 1‘hysical Seieucus (Thysics and Chuni- 
sti'v) for Higli School Ciasues fu U I’ Fh U. TIicm's, Agui 
Um'veisity, 19 7-L 

Dace, B M. Cunstiuc cion and StaiidaidKatioii of 
Si lentil 10 Aptitude Test. PhD Thesis, S.P Lhiivcisiiy, 1964. 
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PAii'F i Sciem;': hducatioii Ho'jua/ch , An An.ilyc. 


Research in IVIathanialics Edocilion ; 
An Aiiaiysb 


M Fhoi'dtf/oj 


'Uiiinif' llic Iasi liliy years Mjtheiiiatn.s has davi Ini'Csl 
new toiiccpLs as e'cll as a new meaning', Inl languat;c 'I hr 
oeconJai'y Sshou) nraihenialita is (he tia ac siiiiLtuiL mi 
which (he whoic supei siuicture of iV5a(huiia(ii ,, J-’liysiaal 
Scieiu’ea, Social Sciences and 'rechaolngy (n Itic LhuvetsiLiec 
and tcchmcal lusututnuis ic'-ls. Tliciclnic, it is (iesnal-ile lhai 
(he new iTte'niini,dill language of lUathc'inatn s should peiiucali. 
10 the Securidiii y School level, A.S (lie icqunemcntsotthc 
Mibicct have been changed, h has become iiercssaiy to n think 
on the sccoiulaiy scho<;| nkithcmatics 

The natuie and rlie chic-l Chfuattcnstica nl matliemalic i 
aid! ic absltacSnes.s, ptecisinn, gcneiahiy, IniM'al >ia(Liio etc 
should lallnencc the teaching ol sec otidary f,' hoed mathcnuitics 
la Ihi'sc cl(i,Cii ooni;, the inaLlieinaln s has coc; long been taught 
by the talc oi dui'ub lucthods. k ha* almost ben 'i;ui|dd 
as mechanic, is iiuiyhi in an UncthicaLcd jitison hi a inoC'i 
woskshop lint the iicVv’ point*' c>l viev' aie aCr'' j sic s*.**, ui 
uiathcmala'' 
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have piovokcd a ((.■volulioii in iiiiuiy uuuntnes dLiniif tlic pasi 
cli‘1 aile I'Uc aiipiificain •' of rnodoi n niatlu matn a as a p,ul 
l 4 mil .scicnlila luIIiiic has txTii tslablislii.d (t ic|iiLsenls a 
swiy ol llmikiiii' that shonhl lu iindti.siodil hy oui suorulaiy 
aLhodl Iraihcis TIh'M' iesiHHi!ii'hiliin.s and pudilLiiis of mathc 
maiRs mUiLatuni iiccLSsitalc 1 011111111011.', clhuts io irnpiovc 
lca(.li:iia iii Lhodoloay, inallu niatical uiidci‘,1, Hiding, cvalnalion 
111 aiatl cm ilits nuiilicnuilica LLitiiLuliim ami tha luiiLtioiial 
thinking in maihcnuUics ('unly rcsoiich 111 m itlicmatiL'. 
L'diiLalnan can give u,-, gindt'liiic', tor un|M'i ■ voiiK-nl ol the' 
(actoi.s ineiilioiicd ab(/\e 

All attcnipi 1m, s la'cn made in (hi'', papci (d I'ct'icw tin. 
tchi aiche'-, in MatlKimitics rdnctuion in (I S A ,lJ,k and (ndia, 

Ketrarch 111 Mmiuin'Lic& Ed caiuni in USA 

Re, sea It h in inalhtnniln. ^ ctliu .'tion has been chai lKIli i/cu 
ly Ponibeig (UJt'O) as hnge in qtiaiitiiv, imoi bid miiiiuvitig 
in (iLialit), and diteise Onci a Ihoueind ol inalhcniatiLS ins.t- 
iiiclions have been lepoitvd The pool quality oi most cd the 
studies has been attiibiited to too jnuch inteiest in inathe-' 
itijlie.it coinptinenl, and too little conec'in (01 e'>.i)ei nnenlal 
dtsign, measuienienl, 01 .iiuilysr 

The leseaich ie[)oit‘, luive been eatcgoii/ed into the 
lollowing eight ineas;{l) Mathematical leaiinng (lom ad 
.association leainiipg [uimewoik. (2) mathematical learning, 
lioiu an activity learning licincwoik. (3) mathematical pioblem 
solving- a cicalizc heluivioui, (4) mathcniaLK's leaching; {‘i) 
the ellcctiveness ol inslintlioiuil piogiamnics, (6) the assocud*' 
ion ol Icainti chauictcinsiics with raatlunmUical atluevemeiit, 
(7)altitiides towanJs mathemat.es, and (8) Ihc e\aluatioii .iini 
measuieineiil ol malhcmaties achievement. 



iii'ii; M 1 Il\ i iiiL ',( I Hi |i l;il loi ! {•! 

i!i illi Ml ill' " (■ lu ''ill's ('/ liL'. ii v\' I H/i ; ' : il.'/i'l ( lii th; 
tHiily lyf'ifi’:, iM'I lIk I’l'ovViiiy ii'ii'ii'l Jiiil ij\(,lu'iii 'll 

inailiciiMiii 'i ( Iik'lM H .la I ii'.v 'i' ".S'.hm! iiii alii'li", 

ul Ihu li'auiiny i""! " W' ('I iliaMl 'Itli'i".'! 1 ll' , c, MMImiIlI ■ 

ililc a;',i ii" I’l' .I'ai’H' wli.'i iiiniilu In t;uii;lu lail lun alniiii 
h(i\v iL sluiiDu In' L'l "111 i! l')6i'’. ), 

SliKiu , III 'iKil'iLiiii'lii' . f i!ii' ali.Mi III ii A ijii '[,1.- 
‘-lusai ill'll iimt lIui L - i.i . . .f i ) HhhIii ; ii'la; M in ih.' i.IIli nu 

ni’iis (il I kiuii-iK'ivil i.'i' i.iiiiinc:; (?) lUidii", ii l.ttci! ioIihm 
u'.r'i a('dtii'l' 'I'ki .ilviliii , ; HI ll .illii ill uiL'i li'.ii iiiir , anii I ?) 
.'.luilic'i toliiki'l ii i' ' III. ill III "ml iiiciiMiiciii!, Ill <1 r Hill 1 Ik III 1 1 ii '> 
hicvt'mi 111 1 

fniu'«lior si >o <!■,<. 1;/, frictivoHor.; ul' 

SjiSiU iict ilomii )-',r<.»i>ii'aH'iiisi{5!s 

'flu- |ii'""i i" ui I lin ILillllll' Itloil',1 !.(w\'ClilMll ill.lllo 

■ liO fiidlil (iIh'Hiiis u'liii i|.iiii(i|; ill ( '',iii;'iiii' > JiiLiii iwi.iil ;’['|ii- 
K.IJ'. VaUllV ii ‘lllil|i"i ( ill, IjiliVi , ' "tllpillulm , ii);i'll||ii 
eiilal) hii'i O' an -i'".Lil il'.'U i.i 111.' I a I<1 ol < lu-i .I'.un ul 
instii'CtioiMl [lioiK.iniiiR' i, "I Ir ,i: "iikIh'. ui i'iihik i i ' ir. Iiui lui' 
j| 1 '""] quiility. 'llii' iii.'i|ii/ iciisoii I'l iliai (lu iimhiiImi, imki 
piim'iiiiy mil i'.'siL'l h IIio qii ilii'/ ul lli.- uiiuiMim.i s ui ilia 
HiaLiuiii y (ll the u'l liiiii|tie ini'l no! la iIh- ,Im!ii.._‘; m 
bchavimii rircniiM cJ. 

Wliili' I'Viiliiiiiiiii' ilu; iir.iiiii ll iiKil iHu/'t imtiii , 

(196S] ii'iiij'/lv uO'.i I iiiL'tl till' ili\i I .ily 'll I III i', 1 1 1 1 ll . iiLtrjlv 
till' iniDlllU III Hi |f',ij ‘ll |ii li.'iii I i.'il I K I jii'i n 1 1| I ^ ,i;iJ , n. , j, /|n;t 
'Jlassiooui I ll ni.L", aa cvkI ik > in ‘.iiiipun ilir i lircii .'I'n" /i 
of Ihe Hull' a'li! louiUi _v ‘i‘. i'( ,i S'l.'iu Uilimi 

(1967) . i.Liiiiiiiod iIh ■Iii_..t n| ;i, I'lui,.,! (U.iilu II, i!;, an 
rniuJiiiiiT di'iaiK'iinl.ijy.d c li im iiltti y ..dioi.i i hililm,. 
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m.l, r ““ ■Juiuiiju,,,, 

01 

!™ ! o, 

‘ n,s„uc„o„a, p,o.,a..,„,as. 

onoinu Hon. Il.c oapo,- 
'■'""I'o.n™ (,.4„v) [JJ- 7\ "' 

n<i progiammcs over longci peiioda of time 

<■’") 

“ p„aed.„ 

'«>irvcnt,onai' oron. 'modem’ and 

'0MI» ...Z Zr„ "Z" (e>^6) oonHo.. 

-‘- 00 ". ™.oonn,..,,, „e.,b, ,::;;;:zx 

o.g..ni-z.,l,„"„b *Zc«l.,rr'fo?‘!h 

al Ihc elementary level, ' " ''•‘"■""S of tnillhemalita 



Studies Relr.ted to Leainof Aptitude and 
Abilities to Matfieniaficri i earning 

'[lie p\ 3 'e Ill'll!^!',, il .-K.i ol imlivuliiaUlilleieiu .e lia;i Ivan 
• lestiil'eJ i'v !',ti'!ii((nv (19'i5) a', uu “iiaiy u hi eutiam'’ fii 
-orUiast io tl-e laiyc ' iiiuiiie n[ (iiitu-uliu Muili^.i, mily 
a few stueiies line Ih'M li.Mie leecntly du ulenfil vini' 
matlienuUital jliihlu . 'ilie ‘.(luli"- iii ilii;, Inld iiiLliiJr 
sUuliLS tloiie In' Swc'Jii.ii (n 3 ''.!i(jlii[',ist 'WenJelni on iiialheina 
(iLiil aliility (idfn) I'li'l (I'joHicli'e'il al'iiijy (I'Jdl) 

Hidkv (idiii,). Wo .llaiiiii. (lOfid) anil {non aiir! 
Kim ( I 'J fn'i ) hn. (.iiulied Ih'- atlcairu; nuill'ematn ai 

ability Kl Icit i.iisliiji bclwcoii inatlieinit'i . aim if'iuliiij' 
ibiliiy lias be-'ii Miulitni In Sn.nli auJ f ieelditii-, (!‘t64), KitiU' 
'inil [(a.ici r til ami liiU’Mn (lydti^ atiil 

Gilman (I'Jf)/) 

.nkhouj'li tiiaiiy uivo',(uM,tor', -imiiod ailiiuci'’'s towauh 
imilhcmati’, s, eviekiiee lo Mipi/on lin, claim i,| inipiuved 
aHitu<K;!> IS still iinaoti a doom.ii' altoi t!u’ rnnv f'rngi dniines 
aoio mil ociuecti AiKtii (tV(i't) |iiej)aie‘el a i.uclul eiitKal 
sevie'iV 01 1' ^ slutlip' on atdi'ulrf (onatil. tnathon, iti* 


Studios Rolattsdto Lv;ii(, alien and ilAcsasiirenienl 
of i'/iatlieniat ins Aoh5eyan»(iai 


'(o.a '-Oil a.'iK 1)0(1 III liiatiiemauc-S on Hie ha -is o( 
.'hissilieatiori iii i.l'ii i tn'es '.imilai !o tli.ii oiilliritJ jk ftlocpm’* 
'i'axonOHiV' ii.ia been 'lorn [,>/ i (".ti-in lA'inb-i, 

(ly?//, ihoo) am! F-nnlu.'io 

(1967) iidd 'i-.i, -'l.tpGu an 



Resscas-cls in IV3ath6S"natits L'ducaliorii in U. 


Tlic tiiaui ic'Seai' li emplusi-i 'i: lu'ilhcnuiln’s i iJncai-ioii 
iu U K, coiUinue-j to he on ihe Kyllahus and il-n cuiuciilum 
ill both pMiiLiiy and scfondaiy lc%i,la 

At the socoiiciaty Icv^l tlic fvfiitheiii.'uical v' 

( 1968) aiiatysocl the ayllabLiea of the 12 a;aji>i' Biiusl! 
CuHn Ilium DcvelopniePl PniiectR aad slunved that ailhougb 
there is a mnikecl du.ayiei-iiiuil u,cr the sequcmuig cl the 
cojiteni, theie has been v'anous uttcnipt'. at devising Jiieans) 
fot enabling teaebeis to jjlan Coiueciliuu soaiucnees, and 
giU'd csaniples ol these aic by Listci (1970) inul Vaughati 
(l9/l) using how cliagnuns and nelworK-analysis icspec- 
tively. , Bid tlicic is an oliviou'i need ioi rnoic slriictiiMl 
U’scaieh on the iniphcatifnis of adopting vaiious types of 
Sequencing One esaniple of this ty ()0 of lescarcli ns tluit ol 

Annstiong (1969) who compared t^^pic spiralling with 
area spiuilhng. Spnalling whnthci of (opie oi ol aicas la 
am approach toward., solving the pioblcm cl -lit'w to deter-' 
mine a oiie-climcnsjonal back tlnongh the inuUi-ilinieiisioiuil 
field of mathematics. 

Anoiliet lesearch a/ca coneeiiii die iiiUividual child 
and his kaming, and hero one can see a tiend towards 
identifying those abilities which ate inipottaal in being a,blc 
to peifoim mulhemalically. 

There has been little research concoiiied with verifying 
Piaget's theory, coinpai'cd with the heavy emphasis on this 
in ihe early 60’s, Sullivan (1967) and Fogelmau (!9&9) 
have caified-oul an analysis of Piaget’a oontiibution to 



wlucauoii. IV'iurc Nfiui'iuuu hy fn'vJnian (!')/U/‘ 

and Biyaiil .'iiid 'i ( l d'/ ' ] luia n Hn d; .inn ^hi,- 

iiiiri wIulIi Jiiaiiy ftel i' iIk i'ii' ' ii.ii'.llnl (uKute ol 
uiiKliof Biagfi'^ woti,, isruiu i ■. i ; ‘ i ') (.'.M/jiu; cl rp,'.''/; 
“The Ciiowih of f.oy’ic.il Ihirlvini;’, ",',1.'!! ndev.uil .md 
ma!a;s teaddi^; !i( lo, sit’d i( Id, ly (juji inuu- 

iCMPicli it'suK-i ‘.vill ii'on. In iJi i wuiil ai M i inp 

(I97i) oilers Iha lalcsi tic' c'l'poii mp, lo lip, ’■ In itpiih, IsSiu- 
ling iheoiy whith sltoukl rlu/w ili.. sceoiu* oy lcspIicij tint 
not c\eiy puyelioloaisl is P'l.rt' iird 'nuiiuiy .uy. tluldun, 

A lieiitl IS seen by Ihc uuua.o in iiittiest loi Uil ii'eii 
oi menial alnlilief:, Tiit i.se.ULlip: ol' H i t li'iusf (l?b7), 
Law(i9G9), I<iehar'l;. anti ilnllon (l'J7)), i’mp I’mlnld 
and Feululd ( 1970) aiul 1 tig’ Irn.io f 1 'tfil'. j vvyiL all Lonteuicd 
with the relationship bctwfoii in.iihunati'.s ati'l vaiMus 
menial abilities. Land and tii.ln'p (I'ifd!) fodi'wetl on tlm 
woik of Ate Failaiic Smilh ( with a .smu , oi e ' pm iiiienb 
toneiTiu'cl with llic vpiuil ainlitics niul rriailn mail teaelnng 
They eanvaslcnily funrid thul sp.iiial al.ilii y and m'dlr’iiudiiail 
ability weie iiighlv i oiu'lntc'd, and slimvi d imw Hifii abilniL's 
could bedevilupca, iiy cioeiidly ehnsvii ' tU'eiiiierl matt i ihIm, 

The thud mam aiea of tescairh activiiy in U, K is 
the teacher and his mtlhod;,. This a<e.i tias uxcived shcldly 
kss attention than the others. 

Biggs (1967), land and Bishop ( 1999 ), Dean ( I 97ii), 
Orlov (197 I j have crtplored (he mocJe-piJrwnlailon mntliod 
vaimble while Kicliaids and Bollon (197 1 1, 'lakuba (1971) 
iiiid Land and Bisfiop ( i 9 6‘>) liavc invc.siij'ulcd the seijiience 
method vaiiablc. WlicUtr ( 1970 ), Goiiiatd (l9(iS), Winniaii 
(1969) and Hirat ( 1970 ) liavc e'amipldy tfie elningo in 
•emphaais from tcachinf; rDUthematies to iieiping pupi.'s 
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develop. To use Bishop and Levy’s (1068) Catogi/UHer, uf 
teaching bchaviouiH, they me conccnliating on It cliniques 
(of strategies as tliey are sometimes refciicd to) rather than 
on methods with the emphasis on the individual teacher’s 
decisions invohed Bishop ( 1970) has ci'-riMdered the dccisiori- 
making model within the context of teachei Iram'ng. and 
Barnes and othris ( 969) have catiicd out some (acuialmg 
(and non-qiiantilied) analysis of classtooni-uiteiactions. 
Inlcreatingly, also whereas the emphasis in the USA, 
seems to be on quantifying aspects of the classroom intei ac- 
tion, hete the focus is on the quality of the inteiaction 

Research in Mathematics Eiiucation in india, 

Rcsctuch healing on Mathematics Education in our 
Country is neither sulhiK-nt in quantity nor coniincndable 
for qutiliiy. The bulk of die work fulls into the categoiy ol 
studies which bear indiicclly on the methods of leaching 
Theie luive been a total numhet of 33 5 studies in matliamu- 
IiClS education at the Ph. D and the M. Ed levels in all the 
Indian Universilics from 1939 to 1966. This number also 
includes the studies completed in Rajasthan and Keral.i, 
Universities iipto 1973 The miriibcr tvl studies conducted at 
the Ph. D level is only two. 

Research studies in the held of niathematrc.s education 
have been taken up by thirty one Universities m India during 
the pciiod 1939 to 1966 The number (3 1) looks promising 
but when we analyse the studies, we fmd that in only 
U univeisities the number of studies m this area of matlie- 
matics education is abovt 10. The highest number 44 i.s from 
Madras University, which tops the list. 

One of the requirements of the M. Ed. degree in lire 
Indian Universities has been the submission of a report or a 
dissertation as p-vtial fulfilment of the degtee Bairing two Ph.D 
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thesis, rebeiivH sUiuics cotulLH-ted nl I'm. iVI T'l level aUme 

are tivuilable The n\(j'.ily hc;u on luniieim 

problems m llic I'leht I't in.iMietintiL'. ctlUiaUen. Studies 
coiuUieled by the Siuiieihf. ol M lal baviiiK iiiathen.utic, 
backgiouricl have been cl.isMlied iti veuious aieas. Athicvc- 
ment, Diagnosis, Mathciiirities 'Kacbiiig, itaekwaidiic vS, 
Failure and Fvaliiatnin, C uinciiUiin, MatliLin.ilic.i! Undet- 
standing; Text-books and Teaelii'ig Aids Miii Ld,.;, Aehicve- 
mont and Soeio-LAorioniic Statu: Atlinidu Towaids Mathe- 
matics, liitcicst, [tilclligciiee and Acliifvenient, FtoIVssuinal 
Pieparation, Status ol iVlatiiematn s, [ unetioiial Thiuking, 
and Conlribufiori ol Indiaii Mallictoalms Some ol these 
studies often end with the enuntetation of eriois oi the 
causes oi various diHiculties without pioceeding to at live 
at any peiccptive conclusions oi snnpcstioiis touching on the 
basic reasons Veiy lew cxpci miciUal studies have been 
cattied out. These ate mostly ol the action le.seaich type and 
cannot lie considered fagnificanl contiibiuion to the Ihcmy 
of teaching mathematics. As the conlc.st ol ni.ithcrnutics is 
univeisal unlike that of some othei subjcels, duitlication of 
leseaich could Invc been iivoiciccl. but iinloi tiinalely, rnosl 
of the ie.seaich scholars in one Univeisity seenis to have been 
unaware of rescaech developments in oihei I hiiveisitics ui 
the country. Attempts to integrate the fmclmgs are, thcreloic, 
rare and no studies cun be traced which tiy to lest conclu- 
sions to eailier woilc. Many ol the .studies coiifitiLute landoni 
attempts ami adopt a fiagmcnlaiy appioach to the pioblcni 
of leaching malheniatie.s. 

Tr'ends And Gaps In Research in Mathematics 
Education 

Speculations about what will happen in future aie 
always difficult, However, by (iiojecting work of the tese- 
archeis in the held, certain ticnds become app»rcut. 


fn U S. A, tin; ljr<jcst pcncnuigc oi rcceni studies 
ai.; f’h D ilitif i (aiiiais ilic numbi-i of these is increasing 
pvei'y vcai Sumnur:. (19f>7) lepoilcd /‘) Docloial dissci-' 
L'ltiofis in rna thaiiu'lica Ciiiic,'!.! ion in 196*1, h.lanni^iuni and 
Mriiiia (I'Jtdi) Iouih! 97 Ihcscs i.i 19n6; and VVcnvei 
(!969) n'laifted in/tlioi’.es lorlddb. In itidia hiuiing 
two I'll f) ih'sis, ruse lull lu the frold ol tnaLhciii.iiics 
cdaeaiiou has deen caiiied 'nii only at M. Ed level in Ihe 
fnim of M I'd. clisscita lions. Jn all 33 5 studies have been 
tomolelcd in this aicn dniiria the penod 1939 to Idoo. 

Rotubni'f!, ( 1 9 59) has visuali/od (but ttends iii -[/roi’" 
I'csa of nuUliLraiil ics cducatiun icscarcli: ( I ) thcic will bn 
more (Hoautiiimefie rosea, toh, (2) theic will be bctfci cuiii- 
LLiluai evaluations,' and ('() tin n; v.nll be bctfei t(.,sl,s di vel" 
oped fur use in matheiiruK s education The lo caicli iii 
Ihe aiua of machiunaues cdinalU’n m India pifi|ccrs the 
fullownig Codclu aons 

(1) The quanium of icscarch i n mathematics cduca- 
tiou in geneud cUkL that at the luimary love! m piutioiikir; 
IS vciy ino.iq,.c [-[owovei , m loeent yeais, comparatively a 
greater intucst -seonrs to prevail over tcseatch in pioblems 
ol rniUbcmiUics ecluciUion at (he jiiimaiy level, 

(2) The quantum of icsraieh m the aaii of testing 
is compaiativelv laige but lU aicas such as history of niallie- 
matics, professional piepaianun of teacheis development u! 
matlmmatical concepts etc. is negligible, Undoubtedly 
testing IS an impoitanl aiea but too much impcutimce given 
to it seems to liavc adversely affected tcseaich in otiiei. 
scctois. 

(3) The quantum ot e.xpeiimcntal studies in almost 
.all areas ot research such as cuttieiiiuni, iiicthot'ds and 
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techniques of testing, piepaiation aitd use of iiisti ucliunal 
mateual including test -books and Lcuehing aids, jisychufugical 
aspects ol Icaining mathemaLics, and so on, is piailically 
negligible. Ii-cepl one study in the aica of methods and 
techniques of leaching, all others belong to noixnativc type 

(4) Research in areas such as pfogiamnicd insliiietiori, 
mass media coninuinicaliun, etc , do not come mulct Ihc 
pin view of reseaich at all 

(5) Although behavioural piohlcms in malhematics 
classesarc quite conunom There r, only one study, ‘Cheaiiiig m 
MalhemtilK s Classes’ that has been taken up. 

Thus icscaich ui IVfathcinalics rducalion is vitmled by 
seveial ills. Vciy fevv [icople in the held o( lesearcli aitenipt 
to lealizc the need foi research in this tiiea but this does 
not ptovc that our researchci ate incapable to do rescaicti 
in mathematics education. 

Suggestiotis For Further Research 

A speenil efloit has to be made in f'uUire to cairyout 
rigorously designed lesearch woik in mathematics, and cute, 
should be taken to ctetenninc the clfecLivcncss of various 
teaching methods which arc piactised at piesent and lo 
ascertain then applicability according to individual difleicnces 
m pupils. New methods are lequucd to be tried out in all 
the areas Research woik pinpointed on spccilic topics lat- 
her than ‘general’ should become the jrattcin. 

In the light o) the above obseivations, a lew suggc.st~ 
ions for impioving the existing conditions ate offcicd' 

1. Research tn mathematics education at the sccondaiy 
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and piirnaiy level should be developed. 

2 Rcscareh aicas may be developed with a particular 
refcicnce to mathematics education iii Iho areas such as ; 
Analysis of instructional process, Techniques for eflcctive 
instruction, Supeivision of instiuctiou; and Pr-scivics and 
in-service tiaining loi teachers at both levels. 

3 As research should stimulate arid cause innovations 
gi eater proportion of studies of cxpeumental type may be 
conducted alleast foi a lew years to come. 

In this context, the ibllov/ing areas ol research in the 
field of mathematics cducaUoit are suggested where the rese- 
arch scholars at the Ph D and M. Ed. levels may work. 

1. Development of syllabus including topics from 

modern mathematics, both for Primaiy and Secondary 
levels, 

2. Prepaiation and use ol instructional material, work" 
books, hand-books, text-books and other teaching aids. 

]. Prepatatiou and use ol piogiaiTuncd materials. 

4 Effective use of mass -media Communicatron. 

5 Development of mathematical concepts, 

6. Effective teaching of Mathematics. 

7. Processes and techniques of teaching of Matht;- 

imatics. 


8. Piofessional preparation of teachers. 

9. Asms and objectives of Matheinattcs and Mathern- 
atics education. 

10. Learning experiences of the pupils at various slagen 
of edLication. 



1!. Pioceduie:; and piobloms of cvaluiUioii of vaiiou-; 
facets ol niLitheinalics educational maio niul nni' in level > 
and their tollow-up. 

12 Detei nunalion 1)1 ohjcclivcs o( tcachin" uKitlio- 
nuitics at ; Piiriiaiy, Middle, Secondaiy, llii-'hci Sccondaiy, 
College, and Uiuveisity levels 

13. Spelling oLiL the soeial, cultuial and Beononiic 
lactora that influence the detei niing ol I lie [nogianimes in 
uiatliematics. 

14 A Study of intcidiscipliiiaiy give and take of 
matlieaiatics 

15. Contents of question papeis* A Liitical study 
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Foririativs attci Summatiw Eva!iK-itiorii 
Of Scionce Curriculum 


J. K. SOOD 


Theic 1113 many presci'ipiive cimiculum thcaiies, based 
upon (he ideas generated by iiUidtive piocedui’cs oi by Lite 
consensus ol a gioiip of people. Siinilaily, there a,ie many 
cuiiicuUir projects wlucli have piodiiced a good variety ot 
instiuclirmal materials based upon sound pulagogical pimci-' 
pies. It is true that most of these piogiamines provide sutl- 
icieiitlv lich mechanical l.novvlcdge about science and 
humanities, But these ma.teiials aie yet to be tested on 
acicntdic tigoui to answet '(uostions ot accountability, 
Icainabihly and tcachabihly. One of llio most pciLmcnl 
question IS : Ho\^ lar paihcular ouriiculai matcuals help in 
geneiatmg humane enviionmenl where leauicis develop seU-' 
ticlLiallzation behavioms with the help of tcachcic ? It is 
c.vpccled that these materials .should prove helpful in develo- 
ping scll'-iegiiiating, decision making abilities bas-xl upon 
rational thinking It appears to l>e very lidiculous that an 
addition of pist one topic or .subject to ilic aheady cxisliiig 
syllabi nuke it innovative and eflective. Lei us think hypo- 



thfciii-iilly, that lliu iiv lusioii l'( yuivi ot rduLiitiaii £i‘ 

;i cunipulsoiy school suh|cct, will make mu i icLiluiii ell'cUivc 
How fai such ottuils will piovc illic atioiu, v.illioui ptoiim 
fecilliack (n icsf'urth su|)piiii ? 'flic loya ol miiIi (doils 
appeals to be self' (k'k-alin;t m nriliite Smulaily, (liete an- 
ultciiiativo projei t milcruil. availalilt Hu n,e, liul llie 
quesUon is How to choose lioiii (lie availalile allu natiscs '' 
It IS not easy In cslahlisli the siipinoiiiy ol coiusc ‘A.’ picsi,- 
ribed 01 'Jcvciuped by a pai in ului i lucation.il .uwn'-y ow r 
coLiise ‘B' dcvclripcil by anotle i cducitiouiil liody 

A.1I these questions need sullicicih cnqcncal evidein..; 
to piovc the elfectivcncss ol paiticulai ciiuieiilai m.Uci ifils, 
and cuiiieuliiin cvaliialioii is (he mo'a appiopi laie answci 

How much change has ocuicd since lndcp''mlcMi:c. 

Since 'iidcpctideticc school ciiinculum has uuikii'onc 
complete inctnniorphosis llloils liavc hceti iiiiule to make il 
lelcvanl to ' L'ne conlcmpoi.uy lit’e and laaL the 'iccds and 
aspirations of people. Tlicse cltaiigcs have hctii initialed .a 
thice levels, iianudy, at (he National level hy Ih Naiional 
Agciiidcs, at the State level by the State Bouid ol Sciondary 
Ecliiration, and by the I’lofi ssional Oipani/aijon,-. In I94h- 
49 Univeia'ty liducaLmn Coinmissmii dcniandcd a clu.ni'v iii 
school CLuncula while discncsing llin IJnivoiMty raliierilum 
System in India, tn 1 9S2-53 Madaliai (domimssion picsc 
nted a scheme of luultipurpoae school.s lo meet the demiuuls 
of evci incicasuig heterogeneous scluml goiiiji; popnlal am. 
Consequently, many ol Ihc school wcie cliangeil I'uim single 
tiaok lo multipuiiiose .schools In 199‘), the All India 
Council foi Sccondiiiy Education assisted the btalcs lo bniii,; 
a change in school uinicula. In 1959 Haipci (AmimiUu; 
putfouh many valuable suggesUoiis to make .school cuiucLila 
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incaniugFul and lelcvanl Mosf of tlio cliiuiges have coma 
tlu'oiii’li the NaLional Council of f'din.’ilional Rcseaich and 
'll niung, Kiiieo its incct'iion in S961, Siiii'ilaily, Edncntioi) 
Coninns a(,u (l06‘l-6(i) r.iiggaalcd Giri'ilicanl cliangLS ibr 
Uic impiovcmeiU o( school ciuiiluIj. UnFoituindely, the 
implcniotikiUna vaus not adequate aiid most of tlic elloils for 
inipiuvcnienl wcie xclaled to updating the content, eiasing 
the content cnoir,, changing tiio ordei of topics, and mMing 
a few new iopics. In some of the statci; ob)cct(vcs of a 
parUcuhir subject wcic dcdciniincd alongwitli criiaiii citanges 
in the syllabi. Most sisniticanL chany.c wnt in the liom ol 
picpaiing nr,w tr,\t books This clfoit was made by the 
Nidioiifil Coiuieil ol Educotu'n Rcscarcl) and Tiaiiiing lluough 
iiahonal panels of test book vviitcis, 

It is easy to gmieia'.uc that Ihinc Vi'aa on rundainenUd 
change and inosi of the change;; wnc no! based upon 
research evidences Surptisingly. the chnngrs vveic no! based 
on any asscssmeni of the school cunii nU, 


Concepit of Curricisllujii^ Edalaji-rlSSovj 


It II essential that the currcnlar materials 'thould be 
evaluated to ascevtaui the fcasibiUy of llie objective; and the 
luability of the niatcrials. Siicli cffoits will provide an in- 
formational source on the pionusc and piogreas ol ciiriicuiuii) 
innovation and v/ill be hclptul m assehsing Us own ctfoctive ' 
nesG, 


It IS sufficiently cleat thar cvalualioti is uol just LesUng 
Ol the analysis of test results. Nor ir. evaluation simply a 
piodamalion of good, bad. The final act of evaluation is 
oncerned with a judgement of worth, of value. Coniming 
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to cuKioulutu cvaluitioii, it i' also c'-m ornLi! with tlu; 
jLidgeuicnt of valuo anJ of wcifdi, Hiiid has mtnLi- 

otied, ‘X'liri u.liIliiu [iv.'du'Uio'i'' is a '/.'iliic '.vLiglitui iiih-ipi" 
ctatioi) of goaLp ocl|ccliV(,s, suhioof laaiicr, t...'shal)!lil >/ 'uul 
luainabihly ol niatcr ails .uid eosis in tmv airl cl hat 

f'onteniiioi aiy ctlcicafioiial n oaudi niciid'-i.s dial ' u' ti- 
L'uluiii cvaluaUon is u jirocoss ol daiicatiii;', ohiiiiaiiif;, and 
providing ciuc-lul iiifui nialioii for iLulying allcinaliv.s (Shdll- 
chema, Daniel 1 ; etal). 

Simildily, Sniven holds dial, “evaluadon is a nielhsido- 
logical aelivity whieli, ...... cont.ids cd sinii ly m die gallienny 

and conihining of perform incc daft widi a wugliled set oi 

goal scales to yield ciilier coinpai alive or iiunieiical 
uitings, and luslificalion 'd (.1) diua g.idii’iiiiy uisLiiuti>.nt' , 
(b) Liu; weightings, and (c) the sclcclioii of goals ” 

Ollier workoiH 111 tin; Held tcconl dial cniriculurn ev.iliia- 
tion IS couccitied with, dclc'tniming valid(li’'s ot the course 
and its potential upon die individiial and die sociely 

For the pill poses rd this papm, 11 '.mi be f’Ciiei.dn'ed 
dial emiiciiliiiu eva.ki.ilion helps the cuiiieuhini [danneis io 
(iidgc the dticacy of the inrdeiials [noduced and then I ipiact 
on slLidciitj in the I'jiiis ut y.iials roid anns ii[!;'di-\l. 
Cuuieiilum evaluadon also seeks to riiovide a liras loi 
inekmy d'’''iMO.is ai.-'Oiig alioiumivrs flieinplnd, IdnJj U 
means ciiiiiculuni cvaluaiinn ib hclplul m impioviu/, the 
coLiisc based on piopci Iccdbaek and it piovidcs basis hn 
selecting the [iiopci mateiials (rom the available aheiiiaLives, 

ProejhGf* ol’ Currjcylumi Dvrtluation, 

Gemaally, cm I ieulum cvahiation is alteinided wlicn the 
LLiincnl.u materials an; in the Ima' loitii, iiamcly roilucl 



In India, this t'lnnl form is a text book. Ratcly tiial editions 
are prepared and tiicd oul lo ge( toedhack Unfoituin'lf’i 3 , 
theie aic no useau'h evidences in India wlict'c eimiculnm 
evaluation has been dune, Whalevei has been a(tein|)tcd it 
js in the foimofa "Ctitieal Slnrly of a School Syllabu;;,’' 
wiiu h is just thcoi'clical 


(t IS Uue that the concept of ruiricLiliuii evalualion la 
not very old. Its recency is illuvtiated by tlie fad that the 
obiecUvc yvaluatiou of CLUuculum, foi the fust tune, as a 
sc-paiatc entity, was mentioned in tlie Fincyclopacdia of 
Edncatioiial Roscaith, 1969(R<ibctl Ebd, (cd) 1 969) ‘'Iiimany 
respects the systematic evaluation o( curricula is oidy beginn- 
ing to emerge as a lecognizablc field of cdiicatniial icscaich " 
Ob|ectivc evalualion of cuiriciilum has emeigccl fiom the dis~ 
cussions of Chtonb'ick, 1963, McDonal Raths, 1 963, Has 
tings 1 964, Sciiven 1965, Atisable 1966, Giobnian, 1970, 
Welch, 1969 etc, The wiiting ol the woikers in Ihe licld have 
accepted cuuiculuni evalualion as an iiilcgial and luudanK'nlui 
pail ot curriculum development, not as an appendage, and il 
slunild be attempted in a systematic way. 

Scriveu (1967) has coined two terms Formative and 
Sumniative, to describe two types of cmnculum evaluation. 
Foiniative evaluation iclers to the )udgemeut of the materiat 
wlule It is in the making. Here efl’icacy of the material is 
judged 111 terms of teachability and learnabilily as well as 
the ubjcctives laid down (or the specific couusc. These 
fiiiduigs are helpful in the improvement of the niateiials at 
the developmental stage, that is foimalivc evaluation diiecls 
a piogranime developer “back tc the drawing boaid ” 



( 49 ) 


SiiHuriulive Evaluation is a aj^r.lematn alttnipl to dctui ■■ 
mine Iho alrainrnent of iIk objectives of ifnj propiatnmc 
as laid down al the initial s(a»c ft also lidjis in iiidviny 
the best piogianiine:, from llm available altci tidliw;,. 

Evaluation of (he complelc piogianinie is fuithci named 
as m cKiQ-evaiuat ion, if all piodnctd niiileiials aie evalualcd 
in ils Lolality. Jf there is dcaiUi of money and time, inieto- 
cvahi alion is suggested, wJicie small segments of tlieuiiii- 
CLilum aie evaluated. 

Exaiiipiar!^ of Curricuium Evmhiaiion Studies 

It is not veiy easy to e\aliiaie (iinicuhu mateiials in 
tcinis of the gams which cluldcin have earned and (he 
specified objectives of tlic piogiammc In i( iation (o sciciu e 
coLiisc.s there aie a few questions Whal should l)e (tie 
ciitenii which can he specifically used lo euilualc (lartuulai 
science curriculum ^ How effective aie Ihesc tifienceciiui- 
eula 111 tei ms of teaching and leatmiig ? How fai a jiaiticular 
CLiinculum in suence leads duldicn to achieve pioposed 
pLiiposcs ol s:iencc leaching ? 'Iheic aie some examples 
which have given a line of aclioii in Itus aiui of leseaicli, 
IVlictiallis, Giossman and Scot! (1967) luive attempted 
Iheoiehcal evaluation at tlic Scienec Cunieuhitn Ceiitie, 
LInivcisity of Okhahama (|V72) and developed a criteria. 
An adopted foim of' this criteria is as k Hows. 

1. Does the .nialenal idlcci pioposed aim.s of science 
education 

2. Dficu the nuUciKil relloci pioress cif scietnej facts ol 
science^ tincl social asped ol licieno!; >' 

3. Dose the rnalciial /.^riect specific obicctives ? 

4. Docs the prograniiiH has a conccpiual liumc-woik ? 



(30) 


5. Arc coiiceptua! ihemes used as tlie basis Ibr oi-gauizitig 
the conical ? 

6. Is the programme balanced in terms of ovcr*ali sequence 
und content coveiage ? 

I^oes the programme match developmental levels of 
cliildicn as discussed by Piaget ; 

® Arc models ol enqiniy indeiitifitd and incoiporated in the 
programme ’ 


y. Are the students involved actively ui learning ? 

lO. floes the pi ogainmc provide vaiiety ot learning activi- 
bes, Isiiitably matching mtciest and ability of 

childicn ? 

Does the piogrammc provide sulTicient oppoitunity to 
develop individual ciealivc potential ? 

1-- Does the piogtamme develop positive attitudes townids 
the discipline, and scientists ? 

Docs the programme lefJcct the piopci use of Lht'oiIc\ 
f learning and ideas of instiuction'dl ob)ccti\es ^ 

Are teaching strategies consistent with the style ol 
thought and way of enquiiy used by scientists ? 

15. Is evaluation an integral and eoiUinuing pail of instr- 
uction ? 


I 6. [s on-going ,cviMon implicit in the ciiriicutum 


Welbresser (1968) has taken a different position on 

urtion'oTH™*D‘^‘'’"' IS based oti the cval- 

the Piimaiy Science Pioject-Scieacc-A Piocess 


Appr^^.^H^conle that the assessment of the effecti- 
veness programme should be based upon behavioural obj- 
ectives. Jn this appioach curriculum should reflect the exp- 



ectcd learnini' oiitcotncs in teiins of telnilily obKd'v'ablo be , 
Imvioiir wliidi IS mcasiiiable. WLJbicsscr holds tliai I'liiri- 
culum tvaluatioii proccduie should satisfy the tullovvinif . 

(fi) Measuiing the pioposod aiitis nj the cuniciilat pioji'ot. 

(b) Eacli ascssmenl (ask slioiild he accept.ilile to the cuni- 
CLilum developer as an evaluation ol a pailieiilai objee* 
tivc, 

(c) Reliability and validity ol' data gathfinoi uistiuinrnts, 

Tuckinan (l97y) lins supported and reon-aiu/ed the 
a])pioac'li putfoith by Welbicssci This nppioach coniprisi's 
the following five steps.™ 

1. Identification of tlic aims and ohj-'ctives ol the piopi- 
ainme 

2. Restatement of aims and oiijvctives in behavioinal trim's 

?. Cunsti action of coiitcnl valid test to meusui-,, the bcha- 
vioiiilly slated aims and objectives 

4. Identification and selection of a conttol, conijiaU'.on, ca 
ciilciion group against wliuli to contrast tlic lest group. 

5, Dala collcetion and anulyjis. 

Sandci'i uiicl Cunmngharr. (1973 ) have picscnicd a tia- 
mewotk appropiiale loi discussing and org,im/mg foniui- 
tive evaluation studies m pioduct clevelofiicnt. 

The framewoik is two dimcnsKmai, wnh formative eva- 
luation activity constituting one dimension and souices of 
information constituting the othei. I he ionnacivc cvaltia" 
tion activity vonijiiises fom stapes pic-developmcmal atb 
ivitics, evaluation of objcclues, Ibinmlivc inlenni evuluatinn, 
and formative pi oduci evaluation 'Ihiee nuijoi soincvi a| 
fciimativc evaiuatmri .nlormatum have been identilied as 
follows: 



1. Iiitcnial information thni can be generated by ias[)eLting 
tile pioduct it&clf 

2. External infornialioii, information concerning the cITo 
eti of the pioduel oi its components on the behaviour 
of sludcnts, tcacliciSj and parents. 

3. The third is contextual infoimation conccins to the 
conditions Uudci which materials are expected to func- 
tion. 

Hind (lQ69) has developed a criteria to evaluate curr- 
icuiuni, which is as follows 

1. Course content validity : This valitidy depends on the 
basic concepts of science, then oigamzalion, strucLurre and 
proper emphasis on mvcstigatoiy and conceptual phases 
of science 

2. Pedag ogica l valid ity Suitability of the malciials coiu'er 
ning paiticular age, cflcciivcness of teachabililv and 
learnabilily. 'I he couise shou’d sustain the inleiesl in 
learning and motivate chikhen foi learning. 

3. Sociological and Philosophical Validity , This aspect 
discusses the relationship of science and society. Cuir- 
iculai mateiials should develop lunctioiial uiulersUinJing 
of this relationship among the slndcnts. 

Another example it; available fioni the pioneer study 
Scie nce Ed ucation in Nineteen Countries ■ An Einpiiical 
Studv_^ conducted by the International Association foi the 

Evaluation of Education Achievement in 1971. !t is based 
upon tlie content analysis of the science courses being taught 
in parriclpating coiuitucs ( !9iuaIJ), crosa-natronal per- 
loiiiitinc? tests were devised for four student populiition 3 „ 



Till.' sUuly ha.s used ;in arhievctiRrU k“.t, 'lesf on ffi'dci 
.slanding ‘■icienLC (1'0US) modified fium Inlcic.st m .s>.ierue 
AlUules towaids science and Dcoiipikm o( 'icieiiLi di.i- 
cliing. ft IS one of Ihe niiist r.imaMe on ‘•k lencr 

cuuicLiluni evaluation wlicic mod 'i.itinu ol tlic moie e-ji- 
eme views cciiicci rung the le.e of tkc mechauistu; mstuiiuciils 
oil the one hand and the impu-ai.iomidic ohscivris on itic 
othci. 

Reseaich Studies on Such e Curruidiun I .'"ihiatinn 
A Suivcy ot lira Sixth I iitei iiiilional Chaiing lluiisf 
Repoit ot Science and Matheni ilic Pio|ect indic- 

tiled that onl> 19 out cd' d.S Science CLiiiicular fhujects 
possessed icscaich evidence of suiocss in achieving xtati d 
objectives 

Maiks (1967) louiicl tlial sliidoiUs in Cheinii td IJoncI 
Appioach C'ourc scored sigiiiCicatly hiphcr on tiiiic.d que- 
stioning iti compair.oii to eonveiitioiial I hcimstr> coiiise. 

Geuige (l')6‘i) examined Ihe coiiliiluiuoas of iluee 
.Biological Sciimcc Clin iculuru Stiidv Vet aons and conveii' 
tional biology course to incieascd ciilual thinking lu. moa- 
suicd by the Watson Glitser Thinking Appiaisal fnstiumunt. 
The findings wcie not of RigiulKuid dille.encc. 

In a suidy employing the Walsoii Glasot Critical Think- 
ing Appiaisal, Hei.oii (Ibho) toiind low and aveiace ability 
Students in conventional coiiise.s scored sigmlicanlly Lighei 
on one of the live sub-lests, Rfcof-nilion ol AsMinifUioiui, 
than did the CTIEM Study gumps. 

Selch (I 969) has recorded lluit then; aic scveial priic- 
tial problems concerning loimative evaluation and siiinma- 
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tivc evaluation, It was ucoicIl-cI that .suilahlo ii strunioiil'i 
aic not goncially used lot ciiiiiculuai cvaluatioa pm puses. 

Mo, si cxhau.stjvp an.'ilysjs of leseaich on evaluation has 
been altcmpted by VVaiKei and Scluifla(,/lek (i‘)74; Twenty 
SIX studies comijaiccl stndeius expoucfl to tlilfcienl cuincula 
ui the same subject on .some measuic of school achievement 

The studios showed a pieat vaiiety. 1 wolvc of them 
were in science, five m mallieiuaias, foui were in social 
studies., and two were in Engiidi In hall of the studies, some 
ctitciion measure in addition to subject maftci achievement 
was admiiii.sleiod. The aiithois concluded lliat tiie fc'Howing 
distinct lines of evidence tend to tonlioveil our intial itiv 
picbsion of the overall supcnoidy of the lunovaUvc cutiieida. 
First, the studies .show that the advantage ot giotips studying 
honi innovative curricula cotnc.s enliic-ly lioia thccsc studies 
in which the test content biaafavouis the mnoyativc cuincuhi. 
Second, that sublet of studies in which two .nggloniciate 
achievement tests were Ubccl- one bw.sed on eitliti dncction 
shows that tuiditional curucuUi more than hold then own in 
Tests biased theii way. Thud, that subect of studies in which 
the agglomerate aclucv'emcnl test was analy.sed into picsuaiably 
more cohernt and Uiufied sub seoies show dilleieut patterns 
of achievement on the diffeient components of the achiYcment 
measure. 

What these studies show, uppnieutly, is not duit the new 
curiiciila aie uiiifoimcly supeiioi to the old ones, though 
this may be tiue but lathcr diffeieut cuiitcula aio associated 
with diffeitnl patteins of achievement. 

The author of this paper stiongly lecommcnds a thorough 
study of Science Education in nineteen Countiies , An Emp- 



irkal SliiJv, pubhsbcil by I fi L in :97'i u^t an uiulriblanJ- 
ing of cuiiiciikiiu ('valualmn proC''\': 

If KS (lifliLiiH [D niciilioii thf name of any s'l iciT'c cm in !!■ 
lar piojcct 111 Iiiilia, winch has taken fnirnatuc and Mitnni i 
lahve cvaliialinii as an iiU(,’i,d pad o( i luriciiliim dcmlop- 
nient. Most of llie oUidics air, cnncei iicil v ith tin* cMiIiidtion of 
textbooks as an nriil producl <>1 i^uniuilir eilbits I oUiin U- 
cly, the f'JC'ERT luis at'empled f'oim'iiivc niicni-ccaliiation m 
the loiin c'lfonc oi twocliaptiis </( a seitnco fc,\( fauik' duiinii 
its wutiny stayc, 1 lie puiposewis to seek opinion of itu 
science Icachcia about (he adcpaacy and leccnc'/ in cmdeiil 
Sonic rcsiarcheis have .iltctnpicd lo stuily a simill )iail of 
the ('iiiriciikiui, rnoatly for (fie dcj.it-c piiipnsts Sood and 
ScngLiplo (1975) have unuliiclvd tlieoictica) evaliialion of 
physics syflabus piPsciibed fiy lln fioa'cl of socnndaiy fulm 
ation, Raiastlian 1'his study has aUo rnfasuiCvl under. landing 
of the tnluic of Eucncc and altitudes toa.ai'dfi scunie ainl 
scientists Siniikiily, Simcl ( 1 9 /5 j and, Sood and SaiasA.u 
( 1974) have actcaipted to measure an iindei .nndmj? of ilie 
nature of science among science students , studying in clcctnili 
grade. 


SU VIMARY & RECOMVISA’OATFXNS : 

Science cnuieuluni devclopn\cut and curuculum evduat- 
H)n IS not as simple as people lake il. Cuiuculuin evaluation 
neccssilatt s .an action line fiom cvpertixti.Cuirictuliiin i vahiali- 
on models uie with u;:. In the U S. A diffeieiil s.inna.i 
CLuiiciihu piojecls have been evaluated sucees'.fiillv. N.itio- 
iial Studies have been atUmpted. !n India tlierc is a need 
to accept this area as an iniportaiU pail ol cduialional 
' re rich. 
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[I IS not difliMilL (0 picscnt a case hisfoiy ol a science 
cLiiriculiu pioject 'as an example. U will be sullicicnl foi 
Ihis papci to gcticialue some impoiUnt coiiMcleidlions leq- 
uired to do siKecssfid c\a!uation. 

Most ol ihe leseiiiLheis and experts on Luiiiculum ova' 
lualion agice on three steps I'oi eunn-uliim cxaiuation l-'irst, 
a specific deriintirn ol the piadiict must be made to facilitate 
the melhodologv of evaluation This pait of cuiiiculLim eva 
lution IS iclerred to the goals and purposes ol the coiiceined 
c'unic'iilai project. Second considc'iatioi’t is ol the incuus to 
achieve the stated obicctivcs. It is concerned with the meth- 
odology of evaluation or the instrumciUs finployctl to dete- 
rmine the purposes of the project. Third, the standards or 
jioinis used to judge the .adequacy of the pioduct be estab- 
lished 

Sood (19/4) has recontii'c'iicled (he use of ihe following 
instruinciits to evaluate cogniiive and aflcclivc gains of stinl- 
ents acquired thiougli an eftectivc science cauiculum 

I . A sercnce achievenient test. 

2 Test on understanding science. 

3. A science Process Test. 

4. A science Intciest fnvcntoiy. 

5. An attitude scale cc>nctiiiiig Science and Scientista. 

6. A Scale on on Social aspect ot Science, 

7. f.cainiiig Environment Iiiventoiy, 

The evaluation approach should iclciucle process studies) 
to find out the actual success in the classioom; pioficicney 
measiues and altitude changes, ana to find out the changes 
in the behavioui of chilclien conceuiitig science and scien- 
tists. 
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Part M Science Cutriculiirri Evaluation 


pj 

EVALUATION OF SCIENCE CURFSICULA 


Pritafn Siagh 


1.0 fntroductiOjii 

Need for evaluating the science curncnla has liccn fell 
quite recently. In India scientific evalualioii ofcnincula huv 
yet to take off. This is by no means surprising il v/e know 
that the activity ol curriculum development itself is seldom 
a planned and scientific attempt. Whatever the mode of cui- 
ficulum development may be, need lor evaluating tlio science 
curricula cannot be over emphasised. Three main reasons foi' 
the same arci 

L 1 Have the resources been efficiently used la achieve 
the intended outcomes ? 

L 2 Have the new curricula helped the studcnl.'j to acquire 
ihe dc.sired knowledge, skills and aitiludes for better 
adjustment ? 

1.3 Have the strategies used for developmcrit of ciilricula 
proved efficacious ^ 

Thus evaluation of science curricula provides the necessary 
feedback regarding uttlisation of resources, efficiency of the 
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oauvss of (itvi'iopiiient and Hit, tiv-r\t.s‘. nf tlit ..•lui 

produri flu > iiUiirnit; rel.ilioiisliip ol ovaliiilmi) wilh 
ihc lesouiCLS, pioic-i: and pindii'-l id ciiri i' I'luin iii;vL'Ip;i.ii' iil 
uin be icprcscnI’.'J nn<l':i 
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Fivaluatiuii of cun icnla, ilirfclun., In' lo (Unvidc tn'idenc'' 
about those three aspects Hovs'cvor, picKcss of cvah'iilion tms 
to be dctcrmintd keeping m view the icmiuic^s, (tinanitui 
.uicl rrtan power) the pioccss of ciuin'iilnm dcvelopinvnl 
^style aitd strategies) and tltc ciul pu'diicis of luniinlinn 
(curriculum materials and pupil growth). 

2.0 The myth of curriculum deveSopmont 
?. 1 Evaluation ol curriculum is basml on leitain ii.sMiin- 
ptions like the following. 

2. 1. 1 That the rcicveaiil resources wuc fully utilised 
1. 1. 2 That objectives of Ihc cui iieLiluin weie ticaily 
Visualised and stated 

1. 3 That content of currit ulum v,a;; deleumru'd m 
accordance with the rei|uii'cnicnt ol tlic disco 
phne and needs ol the loamci, 

<L 1.4 That teaching icaniin;; matciials and activitic, 
were undertaken to ardueve the prcdctcuimtod 
instructional objectives. 
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2, 1 6 rhnl c-vi..luut.ion was ciHisideifd an intt.-.nal pai i 
of ciiiiiCLiluiii devcli)pui<jiil etc. 

2 2 In actual piactiec each of the abeve tissump’ 
Doiik tiiti be qiieslioncd oil Ihe lollovviug btLses. 

2, 2. 1 CutiiLiiIum IS equaled wdli syllabtis 

2. 2 2 Ob|ctiives of Clinic Liluiii aic sc luoiii stated in 
funetinual tei ms. 

2 2 3 Stri’ctme ol the discipline i;. scldoni appieciti’ 
ted by the syllabus makers. 

2 2. “I Teaching and Irainmg is rievei .iicd to llie 
mt thoJok'gv of the cmueulum (if indicated), 

2 2. 6 Li'alualioii as a piut oi cuiiiculuni deve'lopmenl 
ts seldom considered desirable in a piojcet 

In this eomitiy syllabus haming, lextbook wilting, prod 
iietion of olhsi mstiuelional mdenal, )u Iging the effectivnicss 
of teaehing and Icauimg, evaluation ot pupil growth seldom 
comes undci (hepuivicw of the same agency or the CLiincukim 
development team. Terms of releienec foi evaluation of 
ciurieulum aie thus ciiiite vague, if available at all. In fad 
the tmiiuiluni development is still a liaplia?aid ondeavouiG 
of a few so e.dled euiriciilmn cxpeils (school tcaclicra gene- 
lally excluded) who prepare the curiiculum wilhin a week'.s 
time on the assumptions that old cuniculum rs bad and the 
new one must be good. Why the old one is bad oi tlie new one 
is good, they need not explain to those who have to practise 
It. Unless this myth of cuniculum development is exploded 
and some rationale or fiamcwork is woiked out, evaluation 
of science curriculum would lemain a hit and miss aftair. 
If an author of a science textbook can be questioned about the 
uptodatencss of content, if a teacher can be asked to explain 
or suinetinics warned for pooi teaching, if a paper-setter can 
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be quesuoiied in a news papei tDlaiinis a'l-Hii In, fnioi c 
of queslionG kn evaliialuig stiuK ills ui a f'uklic C'.utiinauon 
then why lint a guiik ii'inri deulniiei bi- adniomsIiLil lot 

developinn a luul cuini'Lilnni is llic ■ .'uisl' of 

maladies cil all oilier opai.iliniis in ill ‘ alim.itinii.i 1 [inucss 

3.0 Curricmlufri evtiJiialion iisid piockict evalu- 
ation 

When a given eLiiimuln.u is evalin'ml il is in a 'vay proLl- 
iitl aval nation nicspcLtive nl the [ikkiss oI 'Icvelopiiunt 
When we want In evaluate a eiiMmiikini iiO'jmi, '’'c ,ire inti resti il 
both in the end piotitmts i.t ciiiiiLaliiin as vicll a. ilic finu.iiss 

of' lUniLiiluni development 'T lieiek'ie, eva'nat'on of a given 
piesctiheJ cuiiieuluin wi'iild iiw Inih the tollovvi'';; ' urnponciit'' 
of evaluation ' 

'Objective staicd 
-Content selected 
' Mctliodologv suggested 
-rvalualion iiiocediirc leeonniirnd' d. 

Laeh aspci t is to he nidged in teinm ot ciitciii develope d 
on the boasis ot lationul jmlginent of ilie evaliiatoi (■! as a 
icsult of pooled opinion ot ctpeits We can also judge the 
effectiveness ot a cmnculuni in t'-iins ot pupil erowlli in 
which case ctlicaey of the teuching-leiirning piocess has also 
to be nidged In fact we have to evaluate the total piocfss 
of ciiruuilum development Such an evaluaimn umy betlei he 
termed as puqect evaluation in vvlncli bolli tin; pioieis ot 
development uiid products ('I devolopinent aie c'.alnakd 

Til this type ol evalualnin aspects like the folhuviiif' have u. 
be consideu'd ; 

3.1 Planning ot tlic pioject. 

3.2 Development f,f the inatmiah 

3 3 Oiientation of teachers and liia! of the umtci lals. 
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3 <-1 Revision of the iniiterials. 

3,5 Training of tcachcis anri inliorluclion of inalciiais 

3 6 UiffLisioii and disseminaUon of new Liiiiiculaii 
changes, 

3.7 Suiimiativc eveluiitioii of tlic cuniculuni 

3 8 Renewal of the ciiiiiculum, 

4,0 Variations in curriculum evaSuation 

Can ihete be a common pattern of cuiiieuliiin evaluation'' 
fl may be possible only when we have the common concept 
of cuniculuni and a centialiscci ciiiiiculiiin dcvciopmciii 
system. In actual piactice, howevei even this may not be 
possible, because the financial icsourecs o1' the concerned 
agency, technical competence of the evaluators and the time 
at the disposal of tlie cuincukim agencies condilion the scope 
o( evaluation Wlicie cuiiiciikim development is a localised 
affair whethei at the state level as ni oui countiy oi at the 
institutional level as in U K. or U S A , variations are 
liouud to be tlieie also due to vaiying assumptions, undci- 
lying philosophies, apjuoachcs and as peels oftuiiiLulum 

development. Such variations may be atUibided due to ditfei- 
ence in • 

4 1 Place of evaluation iii the liatne work of eurueulum 

development. 

4 2 Role ol objectives in cutiiculuin evaluation. 

4 3 Stages of evaluation, reflective, fa, I maUve, and suaim 
ative. 

4,4 Aieas of evaluation. 


4, 5 Method of collecting cvidencea. 
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/, 0 Tfri'ir : 

> )i ill", b;i ,i;, oi\i.iiv".!i niiub of Ui'. (J'li''U'ii( i n, i 'ciiluni 
f dll', Ci’i iib; lIp d' iiiofosL'i ru.d’d ! ol tht 

M’, 'iiL'l; .'b' -.'ll,; 1 ' !\i liLi. 

/ 1 liMit. Cl, aiii.'i!''./ i . ti.c M ' v'li'c cv-jiy curi- 

iLiiIi'di niiifi !, a tlii'utricai htiiTOi'.'iiik of tuiticiiliiiiii 
C'/atudid'i ',’'i)iiiii I’v" uc.'ii^ucJ nf the; fiaariiiifi -‘dinr of 
the [iiajp.i 'lull role d crilu.itio.i :,i t/auruis i,t:>i" c 
(.1 lu; licLiliini do-/.lt'j/mi. ul iciiy tp a|:iiit;ciaic'.l by 
thp ,vhii , 1 ..; la'-i'lv'i;'* ui ba d^vdopnl^,■ui 

I l i'di 'u ; I'iuii «r ciui.cul.'iii (.bjcciiv'!. 15 a ;nt I'diuibilc 

Id ii'iv dv, 'dojiiMcnt ;iiid cv.ilualioa cl a 

uiun-iilii 1' I'loji'il ,^ueh cl’icciist :i ahoiild liov/tvu , br 
tii.-it'.ias I'a r.i bi,;. I (d luudil icaiioivi and 

iLVin'iu, /I iii-d'.L..ci I'.l .iinc'iorl t. .'’JciK... loadi, i' 
tiii.iiiy 1'/ iuuu;>,ii'' I'i'u'Cdv.,'. '.'.yi'i V.! '-/bi'di ii lu'iiuilivt: 
t.\ ilui'.uaa 1 ■''» be ibiiie, 

I billed evc.y du’ loll'. !iii;i its o'vii J.iiuota c, Cv'.ili.d.iioii 
ut cui iu.u!>iiii ill a |ip'iC'.t ivu' t be jy'au'it to 

llu‘ subi.t mld/C .1.' '/ell '>s b', iit'icliei ! siiiicL.ac o! Ihc 
‘iLibj let 

7 4 FtiL''-iiV"!h'C ; ftl !/i,suLic't,iinal stiaicdy lu a curuLulua. 
'lcv'i,lupiir,;iit pios'uuuuio ,s!ii-iilil be judgid la Icuus of 
Icaruiii;' utitc'jniu.s and nitiy bcliaiioui'i oi studcui', 

7.5 Since jikl»Ciiii'jit i(Ki!‘ ini; dspeiidi on th.; iialiuc and 
qiiiihly ot il iij eecty i li’utl aiiould lie made (u c.ipkuo 
-ill 111'' diit,' ■■ii/UiL.cs iiii'l apply the idcvciil f'ala coll" 
L'cting LkMi'c- lo pioeuif. the valid and icliablc eviden- 
c.‘ tihjiii ‘canicuiur.i illiotivcness. 



7.6 Since eclucatiatidl icl('varice IS of piir.niy uninit iiniec 
!is comp;jred io thu icliabiliiy ot iiic.i'.utes, luiiicul- 
urn datu inAy be aiialysul willi ntciciKO tn th,, i ntuM'ii 
and not ui tertns nf iioitns A*; .'.111.11 (nleii.i nl a su- 
ccessful cm nciiluni niusi U; <iilciniincd [let.itrlimid 
in oidei to intcrpict the data .Kcordinyly, Mf'vmHiil 
ess, limitations ol the (l.itn and subieeiivily 111 iniet- 

prctatioii have to be accepted an iidicieiii weakness 
in curiiculum evaluation 

7.7 A goad judgenent can be made on the basis ol deaily 
viSLiah.sed desired standaids ol excellence and oh|ectu'ity 
of adequate evidence Since strategy of cninciihini evalu- 
ation rests mainly on the people and not on tools and 
techniques they use the evidence that \vc get is mostly 
bused on pooled opinion and experience ol those mvol- 
ved Tlierclbic, methodology 01 pioccssitig |ud 'rmcrit 
should mainly evolve fiom rational tiiul illuminarive 
evaluation o( acliicveaienl ol slaiulaids laid foi a p.u p 
CLiliu pioicet Judgcineiil willi lespi d to sompai;itive 
CLiiiieiila should be le.strided 10 tho ,c areas u| adiicve- 

ment that involve the .same basic .I'isuinplions Irom wlin.h 
common cineria of evaluation can be derived 
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0 

Research on Piagetian Thinynq 
in Scianco 


R, P, SINQH 


it was asseited by Bitinct (I96?) that any subject 
could he taught titectively and man uitullcclually honest form 
to any child, icgardless of his age of development. Thir- 
statement led to a loud controveisy. Some used this idea 
to justify the presentation of moleculai theory at pnniary 
level, Others believed that there was little to be isaiTied 
by spending hours and days in teachii g particular concepts 
to children when the.'-e same ideas could be learned in a 
fraction of time when the chjidren were older Finally, still 
others clearly disagietd with the statement by clainiing that 
it was impossible for youngesteis to learn ceitain concepts 
at an early age simply because their logical capacity wasi 
not developed. 

In resolving this controversy much depends upon how 
we define the terms in original statement. That is meant 
by ‘subject’, ‘taught’, 'effectively* and 'intellectually honesl 
form’ 7 The need for a completely planned experiment ia 



!!un evideiif- Ferii'i'j.-f ui ptPcTicc wc w/fl'i brt rciivnujed iha* 
addilionsi! ‘'aiplviM*. in cl'.TFVritarY ‘.l'IiooI >. itanje fhoiild hi, 
placrcl Hio dcvolopnicnt ot io^iica! If'iiiMiig as an 

elhcuve means to incir;,^ kannng IVrliap:; still sooner wt 
will lirid that the pioccss ol scieiititic cnquiiv shoii'd ht 
nime tlosely rcliued to specific iiilcllectual di-vc'ioptntnf . 
Sitr'C lilt* intellectual (levelorinient o! the child is basic tc 
the entiu: tc.wbing cnlci prise, tuid siiiee snuch atientiun is 
being paid to ihese indUers in coniciiiporaiy educiitiona) 
rcseaieh, it is ol considerable value bn us to bii aware of 
what is ciu really being dircussed Wt shall consider thi 
question • Uo Lliddicn pass thiougfi specifii- stiigei ot 
jiitcllectual growth ? 

We cuiiiiot d'seuss inkiletUial developmental stuges with- 
out examining iiunic ol the origmal woiks earned on ut the 
Iiitfinatiornil Cenlu of Ciiietic Epistemology, Geneva, 
by Jean Piaget Piaget’s most nolabk- und significant contin 
billion to educational tJioiiglit and piaclice has lieni his 
iharacleiisation of specific developmental stages of cbildien 
The theoiy of Piaget has been wcl! received by many edu- 
catois and psychologists. A nunibci of ihtui have sought 
to utilize the theoucs in making adequate piuvision foi his 
suggested stage difleientes in elemcnlaiy school science. 
But w'hat are the specific characteristics of the pioposed in- 
tellectual stages, and how can \vc use this mfoiniation m 
classroom are the questions whiih must be answeied Ju 
answer the following stimmaiy may be presented ; 

The Sensory-mc'tor Stage ' !n this stage which extends 
fioin biilh to 18 months ( approx. ) the child encounters 
objects by moving and touching, without psior thought. 
Tcachei is not directly involved with children iti this stage, 



ail psychoJojiii'ii beficfc tnai juany funo'arntnlul louniiafionni 
'"'Uning s/.pcriL'n-a.'S occar 'Jiuing ihii pi'jrKl 

The I'ltj -Opel atioflal L*iiafic The etage coyerj the (anod 
>if IK iuonths to 7~8 years. The elidd duuag Uhhi s,taec is 
perceptually oriented, He tonimoiily lives in an ‘Alice in 
/Vuiiilciland" svoihJ viheii appnienl visual c lUraciiLlioiis ilo 
ikP cause any conllieis in liis thinking. Thi.s r. best illus. 
tiated by Piaget's famous txpciiintnt whert two iJenlieth 
glasses, each containing the same amount of lUicc, at; 
placed in f'-ont of a five yeai old child ’AT.cn the Jn[md frmu 
one of the ^hisses is finptied into a talli'i but i!,arioewr 
glass, the pre-operatiunal child will ii.dicaic Ihut the laMci 
now contains 'nrore’ luicc. Since he can focus his atten- 
iion upon the tluingc in liquid'' .s height but lie tan not 
.imiiltaneously consider the compensation by the diftciercc 
ia glsss diiiinclcr, it i.i clear that the pie-opeiationa! child 
has dslliculty in co-ordinating svith vaiuiblvs. ft is also 
' l:ai fiom this espciimcnt that the child in Ihc pre-opera- 
iintial stage has not yet ilceclnpcd the concept ol ccnsei- 
vanon. The pre-operational stage is obvioasiy the tune ol 
lue play tiiid iiivtstigalion. ft is importanl, ihcrcfoie, that 
tcadicrs ol' primaij' classes (utwidc oppoitunilics lor tlm 
chiki'en to engage in play of pciceptive nature, using a!) 
'■'( theii sources to explain and ohseivc the physical v;oi!d 
b must be noted that the contact slioiild certainly be conduc- 
* :d at the LVpensc of foiccd and picmaturcd veilailisaliun 
ill science for childien iiioic emphasis sliould be placed oii 
toiuch, (aMc, smell, libkn, and watch. 

Hie Stngi of Concrete Operations ; This covets the pmiod 
fiom 7-<l years to I l-l'J years The child is able to pcsfoini 
clerncritBiy logical opeiations Among the most figniheani 
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i[i l1iis 1 ', ihi. Cl inf i pi ui' con&i'i voutiii"-. 
flic ic^f'aicii I (I'lcfucUil hv [’M"rf i/kIu ’ ilc‘, that Hit vaiii'i'.; 
'“coiijci wiliuii', ’ arci' in llie fi-llovvinj': ‘eqncncc — 

I '-OiioCi vati')ii (if Tiiiiirti..i 1(0-7 yea's fh ii"/;) 

2. Cuiisei va iini) oj .siibilanet' /7-S yeais ot a.qc) 

3 (- oii.sof s'atioii aj lL‘nj.'tii (/-i> years nf afjc) 

4. t’onscuatioii a} area (,>-0 years of ape) 

j. Ci'nsctvaEiiiti ( f vvci'iht fO-lO year;) ut' ape) 

0. CdnstfV'.ii'iri (4 voUiir.e (i4’l'i yeais (4 ape) 

I’lapel's descfip’iuns tif the ways 111 whiiii clnldrcn rcs- 
pi ad lo [)Kii'l.‘”is iiuulvini; tmiet-pib ui t/jaservafirnis liavi 

Verified gciif'i ally and liavc iv.-ca ioiiiul to In- cfcc'iitiall / 
collect 

The i’ropo atn-nal S'aae —The pei iod is Il-I2yeaf;i 
and f ontKuiirip (hi Oil) ii hit- Dtninj' (his penod the child 
iitisi dcvclopf'd (he capaciiy tt» engage in propordliotia! 
logic He is able to maniiaihite obiccta He is cap.ibh. 
of iliinini‘> syr tc'tn.'Ui' ally and in puirdy absnact tetiiis. 

'Ihc stafw c'hdiaelcnstics oJ all the rdages arc of unpor- 
taricc for si.r-ncc educators Sonic additional Ecseairh work 
on piohitms ol intellectual fiuiluiatioiji is needed This 
will have to be diiectcd towaids spctilic acdivities that 
embody recognised concepts and skills if W'e are ever to 
icadi conclusions icrnrdirg the iillHTicite validity of utilii"mg 
Piaget’s chatacfci !■ dion ut gmwth stagCvS at, a basis fus 
'.‘sLablishuig .science ciiriiculum sequence. 

KeplicUt (iddOj lui'i concluded, as bad Piaget bclorc him, 
that noimai seiifjoi'iinotor d(-veIopnicnl is a fire-reqiiiiile to 
(iKleily symbolic luiictioiihm. Fie along vviih hi:: co-vvorkeia 
luis devtdoped a number ol trchtmiura foi ficaiing with 
sensor imolcu ddicienccics 



S-gcl, Uj/i'pC! and Huopei (196u) toiiduttecl a study on 
■.•on!.L( ration, fn his i.tucly liciunient and control fjioiipa^ 
.■acli conaisling <)t livu r.liildieu, are iiuilthed on I u , 
Juofiologlcjl agu, sot'fal slati's, and educational level llicy 
fucdict that conservation will occur spontaneously if the 
child can ma-itci the operations of (i) multiple chissihctdion, 
f'l) nuiitiple lelfuionaliiy, and (m) iC’/cisilnlity 

It the heart at' Piaget's thcoiy, as it pCi tains to liov' 
ieatning takes place, is the concept of mental equilibuutn. 
fn other words the thought pruces;. appioachcs a type ot 
ecludibiiiim as leauung oicuis. ’’this is explained through 
Piaget’s ' asaimdntion accommoclatioii model” As new in- 
formation ia cncounteied, something jars the leainei so that 
a tcmporaiy "discquihbiium'' condition is fset up As this 
new infotraation is assimilated and the cognitive structure 
I'i accomodiitrd to it cc|ui!ibriu]t) is lestcucd once more 
(Aiite obviously then d'sequihluiiim is an essential condi- 
tion to kanung fn leading toward mental equilibrium we 
must be mindful o( the importance of having the students 
ctigaged in (iunking, in iupolhesing, and in investigating, 
foi this is the only way in which cognitive sluictuies arc 
f hanged In addition, llie seciuciice in which rve present 
learning stimuli IS of sirgulai iinpoilancc Aiisube! ( I 960) 
ti.is examined (his aspect and found that the cognitive struc- 
inrc IS oiganised hy highly generalised coiiccpls under whuh 
additonal cunceph'. and othei information of a more specific 
nature aic subsiinied In this siiosumption ‘'theory of Icai 
ning" the acqiiisiiion of new material is facilitated by the 
student’s previous possession ot introductory mateiial that is 
more general, abstract and inclusive than the information 
it intiocluces These concepts aic, there foie, considered to 
he advanced orgarusors, since (hey form a type of supci 
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'jlruc-tuu' liiicU I wliu }j subi>n.|uciit kajuingf. aie calegoiised. 
Ausiibel lias irnknlilicd lv\o typus of acivancrd oigauisots 
fixpn.sitdi y (11 ganiaoi', roo Lho&e iluil intioducc materials 
that ate tot illy iinfamili.it to the itiidciil Vvheieas toinpaia- 
live oryimiMHs arc those Ihtil introduce iiiUniuatiou tliat 
related to previ<iiif,ly kaiia.d rnuierrals. The presentation 
of eitlici typo ol oiganisoi', must ol louisc be made in 
terms that uie Jaiiiiliai to the Icainti At the same time in- 
dividuals must bo aided in passing irtogicssively from coiieiete 
thinking to tnoie abstiacf modes of thought 

Pinard and Laurendcau (l964) in an elTorl to extend 
Piaget's observations to populations othei than that ot 
Geneva, under conditions imposed by canons of txpctimental 
method, wanted to know whelhei Piaget’s stages would 
suivivc that kind of scrutiny An mtelligciice scale v/as 
developed as a by-pioduct. It may be pointed out that for 
the teacher who wishes to implement Fiagetian ideas, it is, 
essential to uscitaiu the developmental level of the students 
being taught Reserches sh.rulJ be conducted to develop 
Piaget- inspired scale af latclligoncc and also for the 
psycliomctiixation ol Piaget's tasks, 

There appcais to be three principal ways in which 
Piaget’s system could be applied to educational problems, 
1 : 11 Btly, it may be possible to make fruitful use of Piaget’s 
research instruments in the assessment of the individual 
child's geneial uilelicctual development Second, application 
involves the planning of curriculum in the context of Piaget’s 
developmental findings As Flavcll (1968) points out that 
this could take two tumis First there ts the question of 
grade placeniciit of the instructional content. Do Piaget's 
Imdiiigs imply, for example, that initial teaching of scienti- 
fic mrthod and coulerit should be pegged around early 



.'idi,'!('hccnte, '.vhcn foiiiKil ojuMatioii'i wiii'.h [ir>,ku possible 
['oiiuiiK scK'nlil'K tiuHighi aif sale! U> be clevctoped Wbas 
about the a; 5 C‘ plaucmcnt o( sueii (<r'ciitiotiai suttjects as 
peomclty V/oiikl Pki»i‘i’s evideiUL (liat many of the basic 
cleniLiita ol l'’ueliJ!an spatial ic jucfcnlaliuii and nicasuie 
nieiil etdci the elnld’s thouplit bv tiine oi ten imply 
dial ceonictiy and iclated topms might be Innght eailicf 
than they asiially aio taught ? The second vanoly of this 
application can be auinmcd up as : how can we make use 
of Piaget’s data on developmental sequence to ajdicipate and 
guatd, SLibllc non obvious "inisacquisitions” whice he has 

slsown the cliild is likely to fall ptey to in trying to mastei 
11 nesv a tea 

A vigorous movement started among eduitatoui ancS 
and educational ()S3clic)logif,i.s of the western WOild in thr 
lil'licfi oi the rcntuiy to etiect a Ir.ison between Piaget Eitid 
I'cdiigogy, particularly in iiaari! to cun iciiiuni, Lun/ei 
(ld60) lc^'levtd all such works from Biilidi literature 
National Fiochcl roundation (ly'i.'i) published collodion 
of pnpcrij on Piaget's number leseais'h and f ihci contii" 
buuons Chimhii (1958 a) Lovell (19 591 Pee! (1959) 
reported experimentation on Piogei’a findin.'S with implication 
fot educational pracncc intniud 

The third important way in which Pigcl’s system rou'd b., 
applied to education may be put like this His tlic-ui'y baa a 
good deal to say about the naluie of the cogniving organism 
and the piocess by which unknown CAtcinals become known 
mltrnals, It might be that this part of hia ryslcm could tell 
us something about tlic most iavouvahlo conditions foi learn- 
ing, and (icncf, the way in which wc should go liIi nst teaching 
The (i!‘ltapphc^ltiondc'Clibcddbo^chcKi lobe with the dcignos- 
tic assessment of the individual student, the Second conceined 



(83j 

lilt, sti iitUi! HI'- I'l lUi I n uiLuti s..inl-'ni. i.i oC fiotmativ^" 

cltn't'lopmoiUal ii'ne table uiid (he iliidi one involved the 
niethodii h} ivhioii the cIhM oi'p.hl i.i he l.tUiitit, onoctuin- 
euluui (’(uikni hn , been sid’A (cd liuse'in tie divided into 
two coninoiu'nt'i One oon'.n.ts ot the ipeeiin pioblcm ol 
iiow by whu( proec-'. and in llie pieseine ot wluii 

evtt'jn.il eiiviionji!''nt:tl Lond!()iji!‘‘-i)i. ehiliJ I 3 fiitally 'itLiiuie'. 
ti e vaiiOLis knowledge foitnv, that ihagol’t; reseauli |i u show i 
and ickUed to this, the potential implications ol Piagtd s 
ttieury. The otlici component lias to lio nane with conciete 
and speoihc iCCommeiKlations I'oi actual clas&ioom teaching, 
and I'o! iiustiiictional method in eomenl arcati which I'laget 
has not studied expctimentally 

Piaget’s icseaichcii on number and c[uaniity have b.j:u 
populiii tj,if>cts Ibi validation fdudy during the past several 
years, protaibly tKcausc of Ificit obvious implications m 
science cd neat ion Dodwclt (19(d), 196 1) gave a batteiy 
of Piaget’s nnnibc! casks, using both imlividud {i960) and 
group (1961) adaimistratiori, to huge Maniples of kmdergai- 
len first grade and, second grade Can idian duldieii. He 
found Piaget'ii all three stages in the development of numbci 
I uuseivation. He also found thaf sonic of the number tasks 
.diowed more difficult developmental trends than oiheis for 
die age range studied, it was also found that the vauoiis 
numbei tasks weie of unequal diflictilty with the coroequece 
that a child who gave concrete operational responses to one 
[iroblem might well give pie-opciational responses to anothci 
Mannix in Luii/or ( I960) found the following ordered secjue- 
nce, first, mastery of conservation in the ease ot provoked 
c urespondence, than in the case of ('oiitmuoiis quantity, and 
still later, grasp of add dive composition of numbers, Mannix 
also concluded, as did Dodvvell, that Piaget was generally 



cori'vt ID hi'i rh.sci iph(;n ol' the niunu LvtH''.‘! of tesiponses 
thildtea give to his tiuidhci tcisk^ WohUvill (1960) alio 
'.hiiwci that the appliiation ol sulin'; k'< iuiiiiacs iii thu. aira 
could be a IruMtul undciiak'iig ilia djtas iinluaied ihrec 
Efifiioi stages. Ill the vvolulion of luimbei concepts (ij a. 
vtholly {leii epliia! approach (ii) a toiutp.ual apnioach to 
individual Numbeis, and (fii) a coiiceptualisaOon oh the 
relationship among indniclual niimbcss Scvcml other iri- 
vestigators namely, Clitn chill ( 19511 a, 1 9 58 b ), Harkci 
(1960), and Wotilwili and Lowe (1962) have validaled 
Piaget's siiudysis ol' number m broad oulhne 

Piaget's wotlc ou (he dcvciopuieni of quauii'y concepts 
has also had US share of validation studies in rcccni years, 
J-llkind ( 1 96 la) admirosicrccl tests of consei wUion of mim- 
bci. His lindmgs we'c ^i) aU Uiree (yves ot consei vaiioiis 
£iic age dependent within this aye nnge, (ii) conseivilion 
of continuous quantity is more difficuli, (lii) coirelalion 
between conscivation scores and suble,.t scores on the 
Weschlcr intelligenee scale for childicti were "gcucially 
positive, sometimes significuat, and usually low''„ In 
another experiment LIkind ( 1961b ) ada,itisleicd Piaget's 
tests for conseivation of global quantity, weight and volume. 
Each type of conservation was found to be age-dependent- 
Lovell and Ogivie (1960^ foiuid Piaget's conclusions 
invariant. Some relevant rc-seaiches have been reported in 
the aieas of spatial concepts and time concepts 

li has been my intention to point out some of the stu- 
dies condiioted on Piaget's thinking i eleven! to science 
education Unfoitunalcly, a negligible cilort has been made 
in this country to iiilioduoe Piaget in education and science 
education in particular. 
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Sonn'thing raunt be (.okl at this point I'cgEuding rsy^'honiB- 
ttic tiuiilurig on Puiget's ihinkirig. The leacIiK withoul 
the knowlcdg'; oV thtory 13 likely to overlook ga^jn m the 
children's coriccplual levels In older to rririke the teaching 
elfectivc he rhould ihe tests hclorc a new concept is used 
10 the classroonr Aticmpls have, thorel’ore, been made in 
foreign countries to measure the conceptual altamnients of 
childicn in vaiioiis tige groups Lovell el al (1969) by usmg 
the experuneals of the type described by Piaget and [nhc-lclei 
have dcsiaed (ests to examine the ability to classity. 
SmedMunc! (1964) has performed mrasurements to deter- 
mine the intenclalions of vaiious aspoifs of conciele 
rcasonoiig as measured by a biUeiy of Piagetian tests, 
Vcinon ( 965) compaicd patterns ol test .scotes with asscss- 
nienl of ctivii'onmcnt m Faiglish and West ludmn CLiltLiral 
giuups wnli a view to thiow light ou the development, 
and retaidalion inabilities. Kollsky ( 1966) has conducted 
a .scalogrrm study of classiliciilion ol development to two 
aspects of Piaget’s thcou. Bruner and Kenny (1966) has 

invcsligaied how the child learns to grasp 'double classi- 
ficaiion that is classification of ohiects accoiding to two 

of iheii altiibiites at the same liine Rparel (1963) has 
investigated the oiclei of ilevelopmeiit ofccilain concepts in 
junioi sclinol children licaicl hypothesises that the quantity- 
wt ight-volumc order (ound by Piaget serins unlikely if 
cspctience lalhei than nialuriition cli.itiniiiiL , llie oidci of 
aUainment of these concepis The ordrr <.i nllinnmsnt of 
r uniliet concepts, liowcvci, is likely to be viov Irss because 
ol logical dependciiLC of such concepts on [iiecialing concepts 
Walhich at al (1967) .Mudied to find whcthei consetvaliun 

of niimhti would lv.- imought by tiaining in leveisibility 
alone or in addition and substractiun alone, it was also 
oaimmcd whether Ihe indiiccd number oon.seivations are 



tiunsfciicil lu oll'.t't cop'jCi'/iilion.;. Lovell oni-l (iDTjO) 

Utitucl Iho dt,vi'lop!ii'jiil of tke Loiicvpl of lii'/ui ituKc lo 
cstiibijsh the ur^iirrjfiils used by thddicfl to lUstily lKm, 
unswe;s Elkind (l‘>6l) did ,i sysloru.itic ic[ilitaiioa of 
1‘uigcl’s iiivostiyalion of age;, at wiui.h ciiiidc. a -'is. over oon 
ceps ol ciL'.intily, weiglit and voltuno Giueii ( 1^)6 3 ) 
attempt'd U) eompaio the relative cll'eetivcao is oi' Iv/o jiiolC" 
duic'i I'm lijiniiig duldicn to conserve muiiliei tJsgiu;; 
( 1964 ) uivcsligaled sy dematici, lly the ellect ol vaiying 
inatcnals used tn lest the conccivalion ol qu uiLity, \-Aiyl't and 
vulume oil tlie oh.setvcd mdei of atU'iriiiienl ol these couccpls 

ill aumiiiaiy, Piagcliaii tcfils arc lehd'vcly :ampie and 
some of them have dnccl reloviuce to the cla" lOoin, Molhiiii;; 
moic need to be said lieie, beyond simply ponding out that 
for the tcLiclicr wlio wishes to iniplcinc'd rnigctian uleos, 
it is c.ssetitial lo asreitain the (h'vcdupnirnt.d lev, Is of sliidei.i.s 
being taught. Thcic is, Llii'iclmc, need ul oigdinsing icsiuah 
on psychomcUio a .pccL of PiagcUnn Ihiiikuig 

Pi.'iget i,i not 111 favoiii ol liiLiaiey oi iuibils lie is dead 
against liadUional method ol lote Icauiing and exaininainm 
system Ho cousickis imdeislanding suboidinaU; to mventiun 
and 1 ejects ilie method ol loii.e feeding iniOiination Iii 
Piaget'a scheme oi dungs adapia'iou to physical and s-j.md 
cnviiomcnt li.is been cm|,ha.,i3ecl Ada[)Ut'Oii icquhi's assi- 
milation and accrmimodatioJi and hence the idiild is iLquhcd 
to lie iiusnued into Icaiiiing piocoss Ihumgh his spoinanctiLLs 
activity LvUiteiuil ! and meihods hasetn be dewlop' d ami 
tcidieis have lo be ononted mi lliose Ime:; A .omdumt-'d 
icseriidi jirograrnme is needed to develop limucuIliiii and 
lesling nialcinds on Puigvt’s lims, 
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M, vaiuva 


Man (s an inr.i'paralilc pari iil tlic o.dkiuun ol ( ivili/afii<n 
or huiiirn'ty lieiny hiimaii him .tif wiial. '.•oiiarnn tliiidicn, 
teachers, teachor rducati'i.; and lesvaich'-ir. i< ol groai nan- 
rein til I’lin to: himM'lf has heca a e“ai^iei,s itn'iim i,t u-ic 

.a'ieiitii'ir, lo' liianal oociil studies, aud siii,ilai iiioltdaiiou'- 
dlano. Tliura' .eiLLlions ovd tlu ye.iis have iioi devc!a(iud 
II' vai-uum I'c. r'-'LiLateiiiai kIi’ho like scinritiFio ideas iiave ilaar 
i niuln paM lU c'.lue.ilu'.uii piinripies 'looicd In iiic wir- 
doin of tlu ai'i. ; iiarcd baei In the ancitiil Grtek tfnnkcu 
nU- Sonalfii and i'laiii. Since than tho ideas oi nniny gtcai 
lliinLeis !C[)!c.scnl(ng differcni diaciplinea lia^c been wocm 
into the fa bill, tf cinraiit edtuationai philosophy and pi a- 
i’ticc, Wtieil gii'iin ihty enviionment, Jean i'iapci dunks 
h-avily i'iOtii llii'i pnilosophical spaiig, While doing su, he 
api'Oars to pay bade iiu anoesliai debt abuiulanllv in Ins 
own lile time to the uiodums as well as the rutuust'i lot d 



{■j ! ; 

iinpii' s'iilt i.a.t-hi'' lo.iay cognitive slu'ly wuliout lefe-' 

tciice in lir; v/mk Wl'cthci one ci noi, a dip j-ii 

flic ‘Griiigi s’ of Pi i[;ci, (|nes ritrccl ,)iii;’a ontiook na piob- 
Iciti;. td'ii ntioiuil V'/hy Because b : pa-sctiLs sonic soi t of 

iliouglit pinvokiu}’ syiithesis ii!-' obtaining in ratioiuilisL ti.i - 
dition of rl.'ito, niciibil categories o( kant, noLioii of pm- 
cepUiril clningv ns piopoimded \~y Bcigson, piodialivi. 

tlioiigl’d, of Gcslat* tviy'diologiMs life Pda/. Witheiinet and use 
of logic fni intcrpu'lnlinn oi thinking ('ci'i;:', icintions, 
giOLipiiig, icveisibiiuy and tqnilibiuiin) coiiplrd v/itli he 
ciiniulalive innLi.ate uf sevtaal individual pcisonalifies like 
r.ilvni, Rousseau, !*aslaloz/,i, C'lapuiedt, Binswa.igci lllenlet , 
Uoischaih, Mciii Jiirg and k.chehayrt (4/ Fli kKiopiueal 

puiblcins euntiiiue lo ,ecui ccniiiiy alki cciituiy Im philo 
^oplii'is [;Ciha(is in the tiiio liadiiion ol flien ov/n hclmctl 

:iit)|oct pose then pioblems in im^oKaMc hnnis (3) Piaget, 

while still leaiaiaing a liitn i.peculaloi , Miccccded in slenling 
pail ol tills UniiLoiy by latkliiin [.sycholugiCL'lly aa ege 
old tpislcipokigical pioblcjii as ciuincKited by i Into "How 
and when can man be suic that his knowledge, is tiue 
knowledge, when time anti again bo finds dial what he 
took to be kno'vlcdgc iias proved to l)j eiinr' (IJ Jn this 
act, he not only kicked aside the fanly well ''sfaislish'-d 
scientific pi ocediiics by cskibln, tiling lua ov n iVIB fnOFD 

CLlWfQUli but also coiistinUrd his owi> syinbolu logic for 
interpicting iiilclk* dual opeiniions as they devcUip (tom the 
veiy caily eliilcUiood to late adok-sc ;ncc Hu Uins sliO" id how 
child, nay a univeisal • liild, goes id.oul the buMticss uf laiiust- 

lucliug Ilia own hrnisi; of knovdedge, Coidinhunsly bittni by 
this ptoblem over a penod of lo.ty V'-ais, lie caiuc up with 
this gland liypotlicsis . 



DcvelopnieiU is '.oiiUnuoiis not only \vUlun the ukIlvi- 
dual hid thuiLighoul all evulmiunay icvi.h, 1 .oni Lhe 
biolo£'''al to ihe sncitil to the iiitulctotual levels, (lie unity 
o( natiiie is pieseivcd The liincti<,)ii!ny, of tlie ioveliesi 

niollusk lA based upon the same fiiiidameiittil pi o. e: sea as 
that ol' Hinslein 

The Niduie of (he I’loblcio 

Thinking is a ‘ghost' - like aetivilv tor n has to lie inlVf- 
led iLuher than obsetyed. In lileiatuic, it has been rcleiierl tc 
as ‘abstracting, analysing, cosiipyring, deducing, dehiung, 
discnminaliu;’, estimatsng, geiieialisitig, guessing, imagining, 
jurtgm.g, knowing, opining, leasomng, iccalhng, icougni/ing 
refleclmg, lemembeiuig .seaichinii. lor concliisioir. and under 
standing While going ahead, one visits tlie (ciidoiv ofeon- 
cepi rormation, il again turns oid to be a vast aica of nivcidi 
gallon in its own light having stiong links but, -d tfie saine 
time, not idetuical with such compicA psychologicLil processes 
as thinknig, leatmng, pioblcni solving, language acc]iiisUion 
and symbolic leprescnlalion If this )oiirncv is fuMlur contin- 
ued, one enters the complex aicas o! piobicm solving, creati- 
vity, eriUca! thinlang and originality whete inie is canghi 
into seveial detnntionul difieullics, One is veiy lucivy, il nm. 
lust, for every milligiani of infoinuilion obtained theie is a 
quintal ofefioit to cX[iond. And here tlic di'.f uicticm between 
original sense and original oon-seipe deaippcars Not long 
ago, the nuclear .scientist Opponhciiuci aptly uniaiked, "It is 
the business ofseieiice to go u'long" Ddtimltics tiirrclna, 
for the eo,gnil(vc psychologist multiply seveia! lolds and lot 
achieving success, piobleins have to be posed more and nioic 
pioductivcly in the phraseology of Gestalt psichoJogy with a 
view to investigate the highly varied complex pioccsses of 
thinking which may ultimately lead to the development of 



uiicIcisuiiii-lMi;,, iiei jli/alioo, disciiiuination, concept develop- 
ment (iiid ellaiiinieiit 1 Lc piotileius do not end hcic 
because Hi'’ rc"eu,ehc(S ;uk 1 /he piai iilioucrs do iiol 
invanablv' ash the r.ainc C(iicf,tion 'these split 

qiieeiioiis and poisi(>ly the co/iscquent f.plii ausweis 

aic l'( iiiiJ In cippe/u 111 (he business of any science, 
eclucationni P'ycluilopy, being no evccpboii 1 'he workable 
aolut.on ntuLi these cnciinistan' cs lies in considctnig the 
two in isolalioiis as is (iccui-enlly done while managing anam- 
ohes ill SCI nee. I’hc ivi uc ptohicrn heic is to lolrite the most 
powi I iul concepts of scfcnee to the nu-nia! development of 
'jhildern whose answci goer, a long way in providing the 
IVAi'lirdogidl sliucturc to r.iiv one ot the jchool subjci'ls 
I'luinks to the recent cUoit;, of Ansiibel, Baitletl, BeaiJ 
Biunei , I lavcll, Gagne, (liidfoid, Hans ! uiih, Heainsliaw 
Hiimphiev, tnliddei , Loved, Lnii/ei, Peel, Fiardiis, Piaget, 
Meinvab likinnci, Suciunan, Vcinoii and Wallace, the piohl- 
;m leiiilcny ni Ihir; decade has been exploded and conseciuen- 
tly, the ptobletns m pieces, like the discovciy of fundanieiUal 
panicles in atomic physics, he more in the 700 lather than 
ni tin jiiriclc. 1 In ; was iiaidiy the case ovei twenty five yeriis 
ago 1 he cnieiging liic'iaiiiie on Ifnnking cleaily tells 
'dull cluldci n leam aponlancousiy, they aci|Uiif ''•cliernes of 
tlinngliL u'luodless oi sGiooi uifluenecs They leam fioin eiich 
fth' 1, and leam equally ','Cdi in fonnai situ itions At the Banu 
iinic, they also po isess Insl Hand knuwk'uec about men, and 
'dies .di. iis in theis immcdcuc environn -nt 'I'hiS docs not 

.u.iount O'- saying the bun uses in the I;'i'’l 01 seui m the 
\Vc:.l I'i, cm the otlur hand, means iliai the chilli's thinlung 
is iioi ;i, all a "aiur Oi umdorn beiiavioui. It is sensible, 
snlelligda'c and pmclu t.diie against the avadable thcoiclica! 
psychological coiiBUiicis ( 3 ), 
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PKOBLEMS P0SE1> IN THE iTEL'T 


III this pci'spoctivo, UiG- i'ielJ as a vvIil-Ig po'cs th-i folli 
wing problems ,vli«.h ovcil.ip each oHiei lo a '/aiying 
ccteni: 


(1) Wtial cit'c, siJtciCicaHy spraking, tluisc' cnialitionr, uiulcr 
which leatnmg takes plmc niiiMinally ? What exactly 
is the tole of hints and cues either in snppi'tLiug thin- 
king or in the toimation of concepts 'fo what cxicnf 
can concepts he down grades 

(2) At whaf a, go IS foimiil reasoning indnifcsted among 
different catcgoiies of pupils How is loinial icasoning 
chffereiit fiom concietc icasoning What conditions 
determine transition between the two stages 

(3) How is thmktiig gciici'ali/ed iii cacti ol Ihctwo grades ? 
Does It develop m stages ^ Is it possible to acccleiatt 
stages ? What (s the tole of planned CApenencos in 
concept dcveiopmcitt anrl problem solving ? Is crcaliw 
fhinking also influciiccd as well I 

(4) Does 'iiistcuctiou jiiccede development' (E S Vygotsky)'' 

Is leatmiig to take place racchaiucally or from page 
to page within the tcAtbook ^ Or is it possible to save 
childten liom subseciueiit teaching once the initial 
learning has been fully acijiiircd ? Onoting J S. iiuiaei 
“Is it possible to get a maximum ofifavel of what 
we have leainl If so, what kinds of thinking 

piocesses docs liaimng generate lindei different 
conditions ^ Are they chips of the same block oi ate 
they different , Are they of lemporaiy oi of peimatw 
enl charactei ? 
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(9d) 

Whal ciioi" cliildi’cii cthibii. a( vnious ag^ Icvl;!'; ^ 
Aic Ihcv, |)syi.hiiloi;ically spnakmg, inLei pielablo '' K 
il possiblo la develop ,i museiiiu of i ficsa *'nois ? Is 
iL possible la demolish iTuistiim riuiiugh mleivsaa 
lion ? Wlial about the lole ol nudutify hen, f 

(h) Is hiii'ning [lossible lu (he alismiee of schemes of ihoii- 

ght in leliition to deadeinie subjects lauglit at seliciol i* 
Do these schemes of thought have any psychological 
existence ot relevance ? 

(7) Why cliildrcii lail to veibali/u then concepts ot methods 

of pioceduics especially when they Irive, in fact, 
acquit L'd them 7 

|8) Lastly ttrid basically, lu'Vi' chihiK'n coordinate infoinni 

lion 7 WliaL aie the underlying inechanism 7 Have 
they stiong links vnih syinbuhc toga 7 Ate they ol 
any psychological significance 

Analysis of Adolescent Thought 

'J’he wiitet invcstigaUcl adoiesceiil Ihouglit with the lielp 
of specially designed pioblem (N— 17), each inhciing a 
continuous chain of reasoning (,h). 'I'liis study, using case 
study appioach, also attempted to delineate flic stuictuic of 
the various hypollicsized schemes ol thought factonally In 
this liekl esperiincni, 200 pupils (iOO boys and an equal 
number of girls) studying in grades VI tluoiigh X, matched 

On intelligence and socioecononnc status were observed, 
solving a series ol seventeen dilfeient piobloms in Uvo sessions. 
The main findings of this study indicaled . 

(1) Except occasional flncLuations, average poifoiinancc 
on each problem incetcases williigradc Mean perfoi- 
maiice in most of the cases fa'mii is boys uithei Ihan 
girls. But botlt boys and giils try luud to cciualixJ 
their peiformance as they move in to higher grades. 



A iiiviMi probli.ni j'an ol Aii' prr)i’li.fn .a a jn’occ',., in 
Ui.il piolilcm 1}, snivel* MiCLL-'.lcHy (o! iii'lcil) ovri ?, 

'.uie 1 Q. rdiiiii' liulh aithni and ai lurs IV '-Einnuii 
'ides, 

A jjivc/i pioliit-m IS ..oK'tfi III siiii'is !i i;, pii.e.ible ; 
ulciUifv sb'iL'C.s Hi the solufiiHi of riiiy ptoblein 

(Jiievptcledly, ptinil.s coniinit a laruL luimbci (I'ernis 
wink, engaged in problem-.sulvmg The, sc enois f'ui . 
ihi-i increase in the hifihei ago gioups vvlicii they 
tail lo guis() ihe mam lequircmcnt ol tiic problem. 
Atmin/i these cirois, tic domiiuuit ones, shaicJ by 
rnojc tluui ij pei tent of the pupils, largely spcaJuny 

sLiH'cr a hmup ncCoic they finally decliac vvitbiiici- 
r.Mtiiiig grade 

Cnntiaiy to Piaget, pupils ate not in a sio',ii[('m ii 
cshau'il «i suggest all possibilities, eemibinati" 
0113 and tests. Ovei thiee-fil'ibs ed’ the pupil® 

(lom guules Vf to VIH aie badly iiSleeled when a 
pLobleui inheios levesibdity in thinLing 

1 h'. toiuplex pioblem solving proeesscs iiiisc iiom 
simple thinking pioecsscs, 

llie oile vit the iiatuie of the piolile'iii being eiitn n 
ill inec,' tpgtiling thinking, adoiesoeri! pupils, eontia.yv 
to Pi.igei, ;ue affected tu a gicat e.Kti’ut by ilic 
content ol the piobicm. 

Whereas adolescent pupjiis ao in .i [los'tioti to set 
up hypotbest", they ate not in a po.sition cotiaiy to 
Piaget, le' test ihem which sliova ttiat their minds 
have uoi yet become lyperiinental Moat ol tin; 
adolescent pupils d.-i not, contrary to {'lagct, process 
scheincs ot piopoition as well ar geneialization tC' 
algebiaic symbols 
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(9) When a problem is solvable thioiigh two schemes of 
thought, one inl'ciior and the othei supeiioi, and if the 
latter IS not well developed, the resort lothetoinier 
may favour quite a few in solving tlurt problem. In 
case both ate conspicuous by their absence, there is 
little chance lor the supplied hint or illustration or 
even analogy to be utilized in solving the pioblem 
successfully. 

(10) Except occasional fluctuations, the mean performance 
on the various schemes of thought shows an increasing 
trend witli grade. When mean and standard deviation 
are kept at 20 and 3 icspectively, the gams mteims 
of T scores over the five years period are dismal implying 
thereby that they are chaiacterizcd by giadiialness, 
slowness and laboiiousriess as they evolve acros,s the 
grades. 

(11) Using Principal Component Analysis on the combined 
matrix, containing forty five vaiiables and the vaiimax 
touted factor sU uctures with a view to obtain the 
hypothesized factors and interpret them psychologically, 
the following multiple factors appealed ; 

(i) Schematic Learning General 

(ii) Adjustment 

(ill) Problem Orientation 

(iv) Sensing Problems 

(v) Symbolization 

(vi) Testing Hyp'Jlhe.ses 

(vii) Using (’omtant Difference 
(viii) Aspect Character 

(is) Seeing the Ptoblem as a whole. 


(12) The lop gioiip ciiit'iied fiom the bottom group on all 
the five aiciisiucs ol adjustment, undcislanding of the 
problem and all Hie seventeen schemes of thought. 
They, on the othei hand, did not dil'Ier significan- 
tly from each other in icspecl of the following 
variables , felt difficulty of tlic problem, confidence 
in the problem and interest in the pioblem. 

At this stage, U is uecessaiy to highlight an interesting 
finding, hardly looked for, in this investigation. It has 
appealed in several contexts : supplying an answer alicady 
available within the body of the problem, last item needing 
an anthmotical or algebraic anwer, counting the total number 
of traits or effoits made ; returning to the same step after 
suggesting other steps ; and the nuinbei of arbitaiaiy and 
extiaiieous consideialions brought into the pioblematic 
situation diiiiiig problem solving Why should these eiiors 
suffer hump m the face of increasing understanding with 
age ^ fs it the case of lack of seriousness on the pari of 
the adolescent ? Is it the case of the adolescent standing 
on the hours of a dilemma and getting murk ? Is it the 
case of the adolescent trying hard to close m on the pro- 
Idem solwing process through steps totally melevant to the 
solution of the problem 1 Does it exemplify, suggesting in 
the process that mastery over a thought process is Ihiough 
a path . hardy, thoitiy and eriatic ? It is the case (hat 
the adolescent regicsses -as if on a pleasant and adventuious 
Piagelian Journey during which, while unaware of the logic 
he is using, he is tiying hard to educate oul himself as if 
the right path to concept development lies in flourshiug an 
experimental failures Or alternatively, is it a case of rubbing 
Ins schemes of thought wrongly especially when he has 
personal reservations about his self acquired knowledge in 
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contiast LO Si'hool leariiing whicli doer, nol set iigjht his 
firmly held selfccntied thc)ughts ? Il appears to he any- 
body’s giicsK, fii a pcisoniil oonimiuiication, J, S. Brunei, 
who had encountered this phenomenon cailier and had nol 
followed It up, liiid this much to say . 

The type of error that you rcfci to, which we speak 
of growth eiior, is one in which the growing child tries out 
a new strategy although it is not well developed and uses it 
in place of an oldei one which has been woikirig well. It is 
eriors of tins sort which suggest to me, the vcnturcsomeness 
of learning during this eaily peiiod that human beings are 
willing to shift to a less ceitain more poweiful strategy be- 
foic they have it undci conliol in pieference to one which is 
safe, sound and dull 

Any way, only a longitudinal study is going to esta- 
blish this Bnuu’rian hypothesis. Returning to the Hump 
effect, in Serial lote learning, Hump elfect in fhe form of 
'bow’ has appealed when frequencies of errois were plotted 
foi a group of .subjects engaged in learning each item in the 
Serial Position Effecl. In the context of this study, the pro- 
blem arises : Does Hump effect exisl at the lower stages of 
mental development as well ? If so (and cofiimed), a 
short tunnel to learning may be obtained which may be 
theoiized upon like the theory of formentation. If effort in 
this direction is successful, the needed fill up may usher m 
the second psychological revolution in learing consistent with 
the spirit of educational technology especially when the 
second scicnUric and rnclustiial revolution is picking up very 
fast in our country. 

The investigation of human (houghs processes in all 
ihcit vaiicd aspects is a complex task, so both problems nap 
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acts of pioblem solving aie bound to appear refiactory bolls 
to Use psychologists and the method specialists Their trou- 
bles aie bound to inciease still further even when there » no 
iinflrumity in leporLed literatiiic on the veiy difinitions of 
thinhing, concept formatioti and pioblem solving. Also how 
an expenmeiital situation is to be finally selected and appro- 
ached foi the very literatuie m this area is little organized. 
Blit these dilficullics, piesent to a varying extent in any 
business of leseiirch need not deter the future investigator 
on thinking. Over two thousand years ago, Plato talked of 
breaking the problem at its joints. The opporUuiity for that 
has just arrived as aptly put forward by Hyde. 

There is scope for all, the cirnician can study the 
abnormal funclroning of the structure, the educatronrst, the 
effects ot training on its growth, the sociologist, the effects 
of environment and others, modifications due to individual 
differences The body of knowledge about children that may 
eventually result from hts work, directly or indiicctly is 
incalculable (ft). 
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Part lii 


Piagfctiari 


rhiiikdifl and Science Unc^Aim 


Implications of Piagetian Research for 
Science Curricuium Dovelopment 


A. c. pachaurv 


Reseaich in science education suff rs from conceptual' 
sterility and tlietefore ends in tiivialitv (Cooley, 1961; 
Movak, 1974, Ratlis, 1973, Tylei, 1967; Volkcr and Wall 
1973; Watson, 1963) Howevei, in recent years theie luis 
been au awareness as to the need for conceptually-based 
reseateh in science education. Piagetuin system oilers such 
an alternative. 

Piaget iH an empiiical genetic-epistcmologist. He is 
not interested whether" the world la real but had studied 
changing cognitive structures by which the growing child 
®opes with the world. Hence, bia primary iiUeiest lies in 
how children develop cognitive stiuctures from birth to 
adolescence. 

Dyril (1970) from writings of Jean Fiagef has 
inlerpreleJ charactcustics of Concrete and Foiuial stages 
as follows : 



CoHticu- Operations (7-8 years to 13-i2 years). 

(a) Thiakiag is concrete ratlici than absliact, but the 
child can peifoi in L'lemc-ntary logical opeiations and 
make elementary groupings of classes and relations 
(e. g , sciial oiclenng) . 

(b) The Concepts of conservation develop (first of number, 
then of substance, of length, of weight and finally 
of Volume),, 

(c) The concept of reversibility develops. 

(d) The child is unable to isolate vanables, and proceeds 
from step to step in thinking without lelalmg each 
link to all others. 

Validation of development within concrete operational 
period has been more thorough and systematic. Many studies 
(Bat-Haee, 1971, J971a; Carpenter, 1955, De Lemos, 
1966, Dowell, 1960, 1961, 1962, Elkind, 196hi, b, c, d, 
1962, Goldschmid et. al., 1973, Hood, 1962; Hyde, 1 970; 
Kooislra, 1973, Lourendeau and Pinard, 1962; Lloyd, 1971; 
Lovell and Ogilvie, 19‘-0, 1961a, b, Lovell and Slater, I960, 
Lovell, Healey and Rowland, 1962; Lovell, Kellett and 
Moorhouse, 1962, Lovell, Mitchell and Everrett, 1962; 
McRay 1971; Pachamy, 1974, Uzgiris, 1964; Vernon, 
1966, Zii’rour, l971a, b) lend ,stiong support 1o the majo- 
rity features of Piaget’s system namely, (a) that quantitati- 
vely diffeieut modes of response arc associated with different 
age levels to the extent that it is reasonable to talk of 
concrete operational thinking, (b) that development on the 
developmental tasks is related to age, so that one can talk of 
a general sequence of development; (c) that the ages stated 
by Piaget for the various achievements arc by and large, 
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representative. These conclusions apply to dift'crent conser" 
vationE ot quantity (Bat-Haee, 1971, l!97ia; Elkind, i961a; 
Lovell, 1939; Pachaury, 1974, 76), weight (Bat-Haee, 
1971, 1971a, Elkind, !96ib; Lovell and Ogilvia, 1961a; 
Pachaiiiy, 1974, 1976), Pachaury 1974, 1976), and 

other concepts such as niimbci (Beard, 1963; Dodweli, 
19t’0, 1961, Elkind, 1964, Hood, 1962; Lloyd, 1971; 
Rothenberg and Couitiiey, 1969; Rotheinberg and Oiost, 
1969) and classification (Elkind, 1961; Kol'sky, 1973, 
1 966; Hooper et. ah, 1974; Pancley, 1975). Estes (1956) 
found nothing to support Piaget and Hyde (1959) found 
reversal in horizontal decalage and no evidence of 
appearance of stages. A negative note comes also 
fiom Peking, China (Cheng and Lee, (i960), wheie 
the rcf'iiilts ol “an expeument” aie said to run contiary to 
the contention of the ‘'bourgeois scholar Piaget’'' that chib' 
dien’s conception of numbei is completely detennliul by age, 
O^hei studies refute this (Hoard, H6I; Dodweli, 1 960, 
1962; Elkind, j961a b, c; L'eigenbaimi, l963|Hyfle| 1 959, 
Lovell and Ogilvia, 1961a Mantiix, 1960; Noio 1961; 
Pachaury; 1974, 1 976, Piice-Williains, 1961; Robertson, 
and Richardson, 1975; Vzgins 1964; Wohlwill, I960, 
Woodland, 1961). However, it is interesting enough that 
there is some consistency in that some conservation skills 
may be necessarily univeisal (Goodnow, 1962; Gieenfield, 

1966; Hyde, 1959; Lloyd, 1971; Pdiiffo, 1967; Prisce 
Williams 1961, 1962). 

formal Opcialions (11-12 years to 14-15 years), 

(a) Stage of formal ( ahstiact ) thought marked by the 
appsarance of hyputhetico-deductive reasoning based 
upon the logic of all possible combinations, the develop" 



nient ol ;i combinational system and unification of 
Opel aliens into a striicluicd wliole. 

(b) T he dcvckipiiicnt ol the ability to pcifoim controlled 
expeiimcntatioii, selling all factois “‘equal” but; one 
vaiiahle (at 11-12 ycais to 14-15 years, Ihc child’s 
loiiiial logic IS supctioi to his CKpenmental capacily). 
Individuals discover tlial a particular (actor can be 
eliminated to analyze its role, oi the loles ol associated 
factois 

(c) Reversal ol diiection between icality and possibility 
(Variables aic hypothesized before experimentation). 

(d) Individuals discovei that factois can be separated by 
neulialization as well as by exclusion. 

Dale and othcis (Elkind, 1961; McKinnon, 1970; 
Romici cl, al , I97J) FolukI that foinuil thinking develops 
nuich later in adolescent, s. Studies of Ball (1972); Case and 
Colliiisuii (1962), Lawson (l974); Lovell (1971); Randall 
( I 9 67) ind'cal : tint many adolescents are somewhere in a 
tiansitional state between concrete and formal opeiational 
stages On schema of pioportion only 50% of the 15-year 
old showed lormal thinking (Lovell and Butterworth, 1966). 
Formal thinking in history comes about 16 to 16.6 years of 
age ^Lovell 19/1). Shifts in thought processes may occur al 
dilfeicnt time.s in dilferent subiect matter aicas, I'htss, an 
individual may have reached the formal stage in science 
while not clcmoiistialing formal thought in social studies 
until scveial yeais later (Stone and Ausubel, 1967) Lovell 
(1961) loiind that 10 Teacher's Training College Students 
biuely reached formal level of thinking. Elkind's (l962) 
SLibiects who were colie,^e studeiU.s 62% gave eruiig t-Xplaii" 



atiori of '.ibuluict critu-opi of voluiuo a:; ;’ivcn by riiilauu except 
that ilicir k'.iiguuy;ft wa? moic soplii'’.tu ated, Alitiosl cuadai 
[itidiass aie ropo, ted by olhers (i^'liiapetta, 197 4, Chitipi.tla 
and Wliitcliehl 1974. tfiint, 1970, Higgins 'Tauik and ikule, 
1971, Howe, 1974, Juiaschck, 1974, Karplus and ikaipkis, 
1970, Kiuplus and Pfil'ifson, 1970, Kcaaey, 19/0; ICohlbetg 
and Gilligiiu( 19 7 1 )Liiwsoii, 19/4, Lawson and Blank, l9'^6, 
Lawson, and Reiincf, 1 975,"Mck!mioii, 1 970; Makinnon 4’, 
Rannei, 197 1, Lfotland cl al. 1974, Pachamy, 1974, 197 5, 
l97G, Renner and Siallorcl, 1973, Saytc and Ballf, 1975, 
iJchwebel, 1975, 'I'owler and Wheatley, 1971, V7ollman el, 
al. 1979), lu a study by Wason (I9.ji!) wlioic the subjects 
weie required to isolate variables and .siib|cet them lo a 
combinatoiial analysis, 60 to 7 5% could not solve lliis piO' 
blem. This was formally replicated by Dawes (1971) vi^ilh 
subjects who had Ph. D ’s m miUhcovalical psychology Only 

one of five suhjecl.s correctly solved Ihc task 1 fed 

constuuned not to reveal the names of thc.se fluillienialieal 
psychologists, but they aie all vvcdl pubhtjied at least in 
my biased eutimation highly rep, aided ratmbcit; of theu' 
lielda’’- --Da.v/;i) 


TRAINING STUDIES : 

Re.suUs indicated that the Piagptiati eoncfpl of con- 
servation was not induced by any of the Itai nn,'.' techniques 
rfigaidle.ss of die- population (Almy at. a!. 1967; Bcausou, 
1975; Bdlui and Fi.uiklin, J967,, Cuiiici cr, al, 1966, 
Oman, 1965; Hiuket, 1960; .farob and Vruidciiutiih,;!, 1 968; 

and Hall, 1967; Mermclsi'-in and f'-lml.-cin 1967- 
Meimciiitcin and Mayer 1969, Mermelstcm c> a). 19 67' 
Resmcli et. al„ 1971; Smedshmd, 1961a, b, c, d ,q Smith 
196% Stiaiiss and Langer, 1970, Wallash e(. N, 1967, 
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VVfill.icfi ti'id i'jO'l, Wj'uer, ! VVoiav/ill, iL'tjO, 

Wolil^il! n.i'J lowc, 1062). On Ihe oUii.-r hand othofa utili 
/u]<i a vaucty oi h-i iuuriiiL'j have induced differtnl kinds of 
tonsc! niinui (Coxfiud, l'-'64, BliHii, 1 965, Isjaitinfd ;972;-|, 
b, press; Ctisun, i ^ 6 6; liusuii and fltiillwin, i967; Buchei 
and Sciuitulti, 1971; Ihuiiei el. al,, 1966; Ftigeiibaiurj and 
siiUdn O'rin, bntiiniri, I9o7; Gclmaii. 1967, Goldsdimind 
]96Sa, Ihilford, 1968 flaind :u,d Ricksai, lO?!; Halans 
and lU), 19 68, HaUu'.o and Suga, 1969, inagala, 1970; 
riima'f! and iFJai.o 1968, 'yV/; farob and i/aadciuanlc-’ . 

1 969, 5:ohfisla'iii!i. I ‘.'61', Lasiy. (968, Let) alien is, 19o8, 
Muiichillo and Goodnovv. 19 9, Muj'iay, 1968, IduLct et, 
al d'/l.l'etcf, .970; Roll ! 970, Rolluib,;jh and OfCd, 
1909, Scgtlcl al !966: oliaulz ua-l digd, 196/, dnitds" 
liuid, tOOla, b, c, d, 9, Sullivan, 1967, (969, V/agbrnu 
■uid bal'iviiii, 19 / 6 , V.ohlvvjll, i960; V/obiuili luij Lo\/«j 
1''6 ') I'jagei nriiiiL’n’S tlial ihiee Ciiu.nu tlnmafid inipcnl'ini 
ui dieidiih' vvh.,dii r on an i.ivaGiijatot' lias succeeded m IcH" 
ilmiu opLi'UKJuai suai.uius. Thty am ; 

5 . ir, the Icfli niug l.isllug ? 

9 f-‘ow nuic.il .gcucjaii/atiuii is possiblt; 7 

3 In die east of each kaiiiing experience wlmi was die 
opfu alien Ici'id of ihc Kub)eet btloi® tbu eApeiicucc 
ail ! wlidf mute eomplox stiuetuio has If.ariiiii,;; 
siKuroded iij aUiicviiit. ? 

lb, scare lies ol Clurmciio (197 3) ('hlapeiia and 
dec (1975) riiijson (1975), Biained and Adkn (ioyin), 
f/'iiuss and Rtsnick (197)) Fouuiici (1967), ‘jcliuao 
(1 ''67) Glarin' and Clesriick (19/7), Goldscbmld (i9(i8a, 
J'>7l) Goldfidunid end B ntlei (i068a, b), Haind and 



Rickson (19/3). Jacob and Vandcrventct (!9(,9) fruuk'i'aJc 
level tiaiisfei Lnlei ( I 969), Parkei eL al (l971) Sehnell 
el al. (19/2) meet the tiist two ciitcfia fully will Acceler- 
ation of sluictiued' ensemble scents doubthil by shoit 
tKiiiiing tcchniqiicR in Piagelian system : 

The on going process where by ihe individual gains 
knowledge about the external objects th- sell, and self 
ob|cct lelationshijrs is consideicd lo be a natuial ouicome of 
an active intciactionist system Epistemological^ in a very 
real sense the individual construct'; himself and the woild 
aiOLind him. At no point tn laget’s model can man oi the 
external woild ever be defined independently of each other, 
the changing structure ot each is mutuialiy deiived liom this 
continuing dialectic (Riegel, 1973a, 1973b) 

Delay cither in the attainment ol comretc operations 
01 foimnl operations (also training clfect) aie attributable to 
pool rciufoiccment by syntactical structnie on cognitive 
opemtums, and if children fiom dilfcienl culiural and sub- 
CLiltural backgrounds expeiiencc dillcicnt syntax then diftc- 
rciices in competence foi boiilution ot Piagutian type task 
may m part be explained by such difleiences in langnaae 
environments (battles, 1962, Beinstein, I960, 1 961, 1962, 
1964; Best 1964, Dcutseh, 1963, 1964, 196 5, Fischer, 

1958, Hess and Shipman, 1965; Higgenbothern, 1961; 
Hoehstetlcr, 1961; Jensen, 1964; John and Giddstein. 1964; 
Loban, 1964; Noel, 1953;Passow, 1963, Sigel et al , 1966; 
Sigel and McBane, 1967, Thomas, 1962). Bruner (l96l). 
supports lilts ■ The di,sadvantaged child lacks both the rich- 
ness of environment for developing models and strategies of 
thought and the corrective feedback necessary for their 
maintenance, Through models we consume information in 
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the form of c'oneepts ;ind lliioiigh sdategies wo bam to 
niciLc uifctciiexs or go beycind Ihc infruiuation giveiw 

AcLordtni', to Reyiiell (b)69) concept foiinatinn is 
coritinj'.cnl iipoii Input expeiiciiccs of co.mnunieation 
Sensory chninids arc p, iceptiuil ptocess and lo the ettent 
stimuluswLpiivtd cliild lacks these, his conceptualization la 
inadtquiitc and huilty as evidenced by low SES cluldioii 
(hucll et al , b)7t). Pachaury, 197-t) Sachs (1971) 
suggests that “there is a complex inteiaciion between con- 
ceptual development and language developinjnt’’ Conceptual 
clevelopmcmt in science sulleis lioin ihetoric ol conclusions 
(Schwab). IJndeistanding science meaiis appuciating its 
modes of inquiry Theicfore, teaching foi conceptual 
development and the pupil attainment of concepts ate 
iriteidependerit pioci.sscs. Hence, 'onc-shottelling' is a very 
pool stKitcgy for scientific conccptualziition. 

Conceptual understanding is characterized by (Hurd, 
197 I ) • 

(a) dhstinguishi ig examplais fioin iion»cxamplara. 

(b) to interpret new situations using the concepts. 

(c) to use the concept as a hypothesis. 

(d) to make Vtilid inferences or generalizations. 

(c) to make predictions. 

This is po.ssible when science curriculum is built 
around major conceptual schemes, where a child gets an 
oppoitunity to interact with the environment In a multi- 
contextual and multi-media fashion and thus would be 
able to operate at the fo/mal operations stage. 

As teported by Lawson (1974a,) even American 
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I lid le&uigciicc of inleresi, in cognitive piocesies tuid 
cognitive tlevclopuieiit during the last three decades or «o is 
reflected in the iruncascd attention the developmental psycho- 
logists have given to ihe acipiisition of cognitive skill la 
childien, Tlieic lu hale doiil4 tiuu a major source of impetus 
has been the woikr, uf P,aget and his colleagues ichiled to 
identifying the developmental stages in I he acquisition of 
concepts 111 subject aieas such as Causality (1927), Judge- 
ment and fleasoning (1924), iMoial and ludgement (1932) 
fhouglit and Langnngc (! 9 U), Movement and speed (!?46)„ 
Logic ( (9 49 ), rune ( I 94r,) fic The emphasis on process 
involved in the acquisntioii ol knowledge has resulted 

in a nniqm- sysl.jju dcfuiing the development of mtcllectuai 
St met Lues 

Must of P 


'I'gel ^ V‘/urks li;ii/e encouraged educators 
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^lO) A factor atialylical study of problem colvihg abllitv 
Algcbia. 
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(11) Development ol number concept m„„„g 

(age group 5. lO years) in English Medium sebool, 

(12) An Iiucstignlion into the paiiems „r rhinking 
solvtug problems in Algeinn ,e|n,io„ 
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i^aif fV JJrcu'.lopv of f-'Liciior- Educiitjf th 


Sociology ol' S'„i6nc0 Ifducals'^n ; 
Problems cind Sles^earch Paropactivi? ; 

SATVA PAt RI/HFIA 


Sociofogy siurlic-s scK'idl institufioiis. Science (s aiso a 
social inslilulioii in uiodiui liinc:;, and so il also comes with" 
in the puivicvv ol sociology, (n tact, so inucli intei'-st fur) 
been generated lu this dnectiou that a very ,s|/eciali/ed ticld 
of study entitled 'Sociology cn .Science' has cmeiged during 
seccni decades to study vaiioiis aspecis of the jelalionMliip 
between society and science Accoidiiig to Joseph Ueu-David 
the sociology of science studies the way in which scientific 
re.seatcli and dilTusiou of scientific knowledge uie itiDueneed 
by social conditions, which, in turn, influence social bs'- 
havioui . 

Vaiiotis aociologisti like Robert Mcilon, Sorokin, 
Bernard Barber, Walter Hiisch, R, Idcgal, fJ, ik/rscii, Joseph 
Ben-Dftvid, Randall Collins, S M Iiiiiemitcadt, etc have 
enriched this field with their contiibiitions, The Sociology ol 
Scie nce edited by Bernard Barbef and VVallci Hu sch (1903) 
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iilill fLUinuis a ciii'i.ic, hook of ifadin'r; in tliis fiekl. altbcnijjh 
newel conU iluitioii;, iiK, baitu; addetl lo tins field by so<it). 
!o(jisls and ed neat uni isi". ol many roiiiiti lea 

1 he giiHVili of lliR held of sociology of ediicalion can 
be divided itiU) t'vu Owiiod'; (lie fust (use sfii'tiiig fioin the 
eaily lyiOs to the end of the IddOs, and the seroiid one 
slarLing aftci the world Win II and lasting lo date. 

Ltuiing 1920-31', the nuijoi wi'tiiig and leseaich int - 
tests Jn this field weie . lolc ol scien>.c in social chanuc, pio- 
blem of icsKstance .tad aniiniession, social I'linctioiis of 
science, conccpluali-'iiiton of the infoiinal social system of 
science, and tlie .suci.'tl li'sloiy of ra'ieni'c and Icchnoli’gy in 
the scvenlccndi ccnluiy. The post Wai d['velo[itnt;nis in this 
field have lovealed these tiends : inteuicLional study of the 
scientific comniuiiity, sociali/ation of youiigei saenlisls, 
scientists’ iiiieicsl in philosophical id'-as and thcoiies coiice- 
ptiuilizrilioii of Scientific mtetacUon, infliieuec oCc I iss tntei asLs, 
tacial oiigin, political ideology on science, social r sporusi- 
bility ul ihe piofcKsion of scientist", iiislitulioiis of scientific 
activity, science in totalilaiinn societies, and veiy levs siudi.s 
on the social cllects ot seiciice. 

Essentials of the sociology of Science 

1. Accoiding to Talcott Pai.sons <i sociologist, the basic 
noirns of any scientific knowledge ate ■ enipiiical 
validity, logical clntily, logmul coiisistencv, and genei- 
aiily ot the puaciples involved. 

2. Gcitnan sociologist Mas Webei belijvi.d Lh.d Liic belict 
ill til' vaUi'i id' suc-ntifi'- luith is not deuved Irfin 
"iiti'ii bin il IS a jnodn^i ol detinitc ciiliuica 
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3. Fobcit Mellon hn;. <lemoii.sliaieJ iluit, thet'’ hn,. a!\v.<;fi 
been o'istiiig a Ijicnt dnn ;u t've lioriliUly tov,'arel!i 
seiLiiee m many societies H'linh Innileis oi nlowi flown 
the pace ot df'seionicnt of science in those societies 

4 Scieniifu, lescaith is not coiulimleii in socnil vacLuiin, 

s Moai instiLutumti demiincl iintiii.iliricd (ailli, bat the 
instiLiUion of ‘■I icnce makes ncepticism a vn tiio 

6 OictatOKship oig;ini7cs, c.-iitralizcs and hence intensities 
sotiiccs of levoh against seience which in a libeial 
.''tiiict'Jie lemains iiiioi gani/ccb clitiu.f and often latent 

7. A scientist has (o undcigo S()ecial careenstic stiesses 
Ills whole pcisouaiily is so moulded by Ins piofession 
that liaid vvotk, devotion to duty, feailcssnetis and 
sobiicty become the veiy elements of his nature. 

8. Any scicniilic achitvenicni is the result of acciimnlatcfl 
eitoii ol many scientists. Newton’s i.hi‘Mc statement 's 
woilh lememberiiig If f have seen faithei, it is by 
htandiiig on the shouldeis of giants 

9. No modem scientist belwvcs that he will evei be abic 
to make a giand uivenlioa by (cieudipity pattern, i.e 
by an accidental happening or by just a stroke ol luck 
Systematic and strenuous tesearoh work clone by hitn, 
taking help from is hprctlecessuis and conteniporarses, 
only can pioduce outstanding luveutions or tindiiigs 

10. It IS in the veiy ethics ol the profession of scientific rese- 
archers to staml lor unth discovered by them, and (o 
be pre.paied to sacrifice even then lives for the sake of 
truth. The long social history of science is full ot many 



( 143 ) 


siiuK luspii'.ii!' RcicrsfiC' s nuide b" scciibsts ol voii„t iitkc 
and inlcgtity. That tuihcl IraditHin i.(jiiliuue.s in luo.sl 
of the ci'LintiiL's oven tuday, liu icipcct of indepcn- 
olcut RcicntiRts and university i.eteutists is dctuiitely 
)!ie<Uci than buiciiu'-i nio m lentuits, woikinn in govetn- 
mental and scini-govei rmienial aeciiLics 

11 Accoidiiig to Mas Wt-her "iii the field of rcienee 
only he wt o IS devoted snlely to i' e woik at hand has 
prcsonality.” He [intlier holds ‘‘only by stiiet s|i ci i- 
h/cUion can the siientific woikes becon,.- Tulls' cunsci 
oils, fo! once and peihaps novel again I'l his hie tune, 
that he has achiev'd sonicthing that will indmc.” 

5 2. The piactioe of altising the name of llie invcnhn oi 
discovuici to .ill OI pait of vvl.al he has loiind, c g 
CopeiniCKUi system, is only the most enduiing and 
peihaps the most prestigious kind of iccogiiitioii 
institutionalized in science, y\iioryrnous ui niediotio 
lesearch assistants have no place in this ',cheih„ ot 
things 

13 A'-coiding to lulvvard Slnls. “ttie liecdutn ol publica- 
tion and discussion is absolutely central lo the tiadi 
tion of science.’’ 

i 4 Plagiausm and liauJ ate outside the eultuie of fcicn- 
tints A scientist is inoially bound to give due ciedit 
lo otliei scholais liom whose works he has benehtt'd 

15 The appiicational aspects I'f science i a, tec hiiidu,''U's 
ol Jilleient Linda me of ciucial social, cultuial, poiili 
cal and economic impoitance since then basi'., 
puipoiis IS to make man’s life easy, comioitable aiul 
Iruslfu! 



16. SLienct us £in .ificiil of 'lociul ,iiif! t iillLual i.li;in£;c and 
luoilcuiiAal i(jii ta vf'i y niiicli toi'o)_;iiiA.t-tl all ovci the 
wtuld. 

Socio’ofjf Scionco leacb.utg id Schools 

111 iiioat ol our iLlioi'l.s ihcfc ait stuiit,i|ics of labs, 
liioK, nialirii.ils, (Ittlitatctl, well tiaincd and uuiovJtive tea* 
tlicis, and ot flu; cviiitiniiaiict ol slnle ('oiip.ea luul aiioime 
' iir'i nleasueaa) in (he uso of science (.cjilunj' uicthods, We 
hud many cieuto (ea'daua asking sludenU (u ic.td out lioui 
MUTite 111. ok'. Ill ^.lasses instead o! ['clling tlie cAptuiiients 
(even ihofe piescnheil in the ;.ylhii)iis and dtr.eiihid m iht 
texibnoks) nctiiallv done by them. Th ; hn;h cxpci. tations ot 
iHii stienlisls. (.diitiilioriiMs and Ic.ulco, nsnally reiniiin uii" 
inililkd betau'c the ••ueime hooks an; wiiHen either in difli- 
aiU Fir’Jidi ot Sam.lnii/cd Flindi vvlin li is even inoic cliHi- 
tultl'n ihe stiuL'iils lu iirul.rstand iViany s( lentc tcaclleis 
li !'• tiah'd j ap, nil. tit, iinenthiise<!, and (uition-hmitc.is 
fhey h d to tuiss lUc hani'"! httweci’. tie tiiUiuts-lhc tultuie 
ol laitiitt and tied oi liuiuatiilics and s^.eia! sc'iciici.a, d heie 
-.le sfluml'i 111 wKitiv stienu kds, so eidliusiasiu'.'dly sent by 
Uncsto or NCLilUh leni.un unopened and unused I’of ytais 
and they just lie ni iht din^gy coiiitts ot sthoj! libi, aucs 

iJstetit;© L-udcation uj-dei? t!>e 10 -[-2 Schen’ns 

1 he iicve cm 1‘1'uiLirii tot ChisKt’s Fa auii \, devielopt'd 
b\ ibe I 'enti.d Ii"i;u ol 'ottoiiihny I'lim juon, Mew IMclhl, 
has eiivisae/itl ; i o,-ipi iiei!".:.., coiuse ol laiU'ial educalion 
v'di pi ovi'.ioir. ioi vvoi 1.- . nem'j, A niiuunnin criociinal 
co!i 'll knowhf'pe li.i prmi.otioii of iniedcctual i apubilitiet 
hits bten pioviJed l.y t( aching '.ul.|ecls like ScUiguagcs, 
nistheufaUcs, sticnets and social sciences 'the tesiruiia! 



khavioLii oil the pait of the sludcnls, in ho fai as science is 
concerned, is that the student will have a proper understand" 
riig of (luidanicntal concepts of basic laws ol nature and 
then opeoitions, and also be able to have the knowledge of 
the iticlhodology ol a|)plviiig such knowledge to the solvint; 
of everyday probleiii'; in a scientific inaniier 

The cuiricLilLini-fiamcis have- prescribed seveial topics 
in three pionnnent sciences— physics, chcnristiy, and life 
scu rices, It is fcji the subject teachers to tell us now as to 
how far ate tfiese courses suited to out social and cultural 
contexts Are they psychologically motiv.itcd to the sludcnls ? 
Arc thiy full of potenti ditics lot the wcll.ne and enlighlcn- 
uierit of our masses Are they loo light or too heavy to 
discoutage the students ? Are (hey really modern courses; or 
iust old wine iii new bottles '' Is it possible to apply new 
r.cicnce methods in teaching them >' 

The author fiiais ihal the cuniculum«planuc-is havs 
paid .Scanty attention to the socio-ciilUual coiitc.xt and the 
proper niclhodology ol teaching scieimc Ai Classes IX and 
X, the most useful methods would have b 'eii the biogiaphical 
inetliod the ohservalum method, and the expeiim.iitalion 
method. The life of a scientist, vividly presented, describing 
his backfiiound, riusiiation and achtexemciUf, etc should 
serve as the most effective medium foi communicating know- 
Icrlge, miptessions and values cd sceiice. The importance of 
! leld-obscivation, natuie study, project and experimentation 
Cannot he oceilooked 

What types of (eadicis are needed for teaching scie- 
tiu; '' VvTuit pet.sonality patleins and competencies should 
they I.'.,. ‘,,1,’, . goin,g to be gland preceptors teach- 

■ng , without having proper qualifications, 

apliiude and compctenci'^s bn them ? 





l! W'.'rtrtn ’.s'! .•k‘'<Jj'>'-,tj "idsxriti.J!, 

I’lv ilf' ii)n,il V olii,j'’' of f I'nr '(iiin, Aiiri.T, oi 
Oil A''-,'6 r.iatLh i97ii a work'iiioii ou ' I'.t'iLaioh in S' icnn^ 
i;<_iuuiit,ii)n ’ HI '.vhnJi fc-.!. 'I ■ !i iiocl.' iii '.tioiuo and nuUhi:- 
nritii'i 'iiid ‘ii luMi'y (i| sc n.au' vvlic clAcii.-iCd liy thti paili 
Lipusita. The I III ill'- shop ■' >• tliat ri.Uv.iriii in 

'.OnOiOL' odu'MlUiii ill tiiii cf'Utitiy I'-J f.iili \iry liUc, alaiosi 
piiaiiii/fi '1 hi'ri' is i\o u'S'mo h W'ok in ih^ aiea of ‘s icioloi'.y 
(if soicnu; ciiuc.'iU'in, TI'LT'' aie no fuuilauicntal studies on 
llic paiiitn ol fU'i-' (Miuvaid PiojiCl Physies) iheie 
iiiij no r.Ui'lii-'. aviulable on tiie i ouifini atlvc lidviititanL'i 
oi nc'V' ph\;.k'i veisns old filO'fn;, i lie dlmcJ fniluoi ‘mni 
ilo.ik on lidueatioii iNCliUT, I'-fif!) iiul Siiivtev of Rosn- 
luch in i.cliiciition (t'A/d), sicaily shows rhio there is very 
htlle c’t tcseat'ch in India on Die socioloipenl aspeois oi 
‘jenmcc t'.iiLliKig, and wlnuc '/ci ici.rmch is uicio oa (lie teach- 
mg find iLinicLiluni of •(m’ni'-: in Indian seliools is lUU 
crCJiivc and rnnctioriHl m ilic socio-cultmal lontoxt. 

ft IS netcSiiny lo liiink of cvolvinic tescincli dipics in 
a socioloyics! peisp "-•tivc. laictois like lural utban social 
j'loapuif'S, rolipuin, oupfeislituins, Ls.uJilionSj economy, caste, 
aocinl 1 lass, laii;‘,uagc, oLCii|^aliun;:, ivuibols, public cu 'pei 
atiori. oppositiiMi, expectations, and needs ol tlie rural nuiSjes, 
polities, bnicanLiaey, etc. should be closely sludicd in so far 
as Ihc-y allVct .sciera c education in today's sclioob Their 
inipael on TV, nubu, jouinaW scictir-c comics and fictiorns, 
e’.hibilions, science coniosts, etc also deserves to be studied 

d'lie .u.'ui iiliuial backgroimds cauei palterii.s, mtdi 
valions, fiustialnlioii, training, icoricntalion oi science tea- 
chers, and the c llrctivcness and ulilify ot seiuiaan, work- 



' I ' I ' i't'; - ;ill ate viul fe;;eaic.(i pi'joi'Ur'i, tu bticiiLC 

'’'IlK Hiori Ht ‘ IS Llll'i'iill CaileiJ foi 111 lilt, p.." nil^Llll V 

p.iUi'tn.s 111 stuuc’iits wlui ■ lioi'lci tfl.i np liiphni stit.iiLC m 

ill' 11 I di!' t.'i 

A hit oi niijaiiinpliil i''hcaiL.li is in'c'leii tin ic, IhriolLS 
t liiiipni'ai! uiiiuovist'.iU'H lA irml', iq.l pro i-unir, , aiitl the 
pUMls latCIL- ts, il' hleVt illf i I, ,,ill 'iii' " ll ts s ’i, SlICi.lC 
hrtiii' tt.uylu I'l Silt'll Hill' iiiiit'ii >,il 1 I. lue know- 
"t- h hi l.iet, poiic Itllu lliL-h li'lllv hlbltj an 1 hi (lie 
‘i'Uly lilt hi tkeu iclalivi-.^ in tkau fatiul/'es tit a icsult hi 
I'ui'.siooiu uisti Littion, i;> yet ti, he invc 

The ' O', ( -benefit anal. 'I' ol thfl-, intiki'b:, 

'I'ho' doiit'h and ill; valiu' ciMillitf', cil .iiuii-tih, a .iiJinh; jmp 
shh'iils ihi.' akih M 'uitiia'.r . tm i|i'. .estr'iel ers in 

,1 le'in"' b'rUty 

Till- Rurn 'hid ■ iibstaiKe i; ihal u( tnast ki oui SLi'*nhi; 
'tiR’liir;, ihcii itaiiii iheu h iLf'eioumis, then tuaelnni' 
aithnd, iiitl sii ileyies, seirMne tiaicula rii'n nei; bonhs 
.eictie.-, l.dnMUnns, s.a.ue tlutis, TV less'ins on sc u'lita 
i V hr"n,'ininiL'S oi Itl't’T loi lui.al nansloimaluin, eahic 
v-hiitliniiS fUi'i'iin hill Lit st'ie'rn f; ir'.a liit!!', nii'inp up of scienec 
ana an,, t^n.din'is etc i »; .ib'i i.n eveiytiinip tnepost'd to 
i. .ihok vnthont any he-'utau.jii '..'hat ‘o tvei 'licit i;, neeess- 
ny niuidei lhal o .etice ixli'eiUion in nui sehno'fi nribibeS llie 
‘JauentM of hmaanisiii and si iimfism. and it dots not lemani 
titihd, stiL and inti,>,,init nl as it ]• n. 'm ,1 ot lun schools 
iclay d.."i:)i(e Ilic inli'i'JiiLtion ;>( n.'iiy so tclkd inii'n'iitiv., 

1 !' icli,_r. in scifii c '.■dnoatun' 

RwJOi'if'riic^ts 

ISiiilrr, Hcinn' '"il 'wall'', I he boi iol ''"'i < f 

kcienct '‘‘'tw kuiL 1 ■ i‘ f’ns'. ' 'U i, 
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sliK'y tl'( 111 liicdoloii'/ of r-Lieuco io iictiLiu^ attuudes 
iiid Muifopt'! All : ttrmpi ci to fjc m'ld.' to I'r^oiit i.cieriL, 
ii'i a hiiiiif'fi .1' loaJy Vihco era ti 'it'iipi,; (.tp.IJ Hionjfss iiidu- 
(land' nily 'ind vvoli /o.ixHduiii pononai ''o,n',th 

i'l r'sc iiov/ laato, dcinand new aojxo'iohea, iiovv imJcr- 
tlaiuliny, and a 'Jo'uu rilaliori Ijclvvot.!/ tlioiay, /csc'ucli and 
njaiiUca than evoi fii^iiui! bofofo ftciioacL'ti niiast l»e an 
ii.'cLoatcd pa.t i>i dck'i.ltipniciitai (/logi.'imfnos to piovidc 
j-'CdayotiX'cd niciit and io'^j i] jelevaiitv. Jjiitii a pov/fi ot 
tL^aifidi dfivc btan dcinunstTatoU in medioiac and agiiuiiltuir 
Tlii'i lo lo be piu'/uii in raacnce ami riialhernalies education 
thiuii'jh Hj^e.ucli, Tlic ‘dionyth ot lucii rcscatch id'foUs 
dcp.ind ml the nvailni''iiity of c,''|-o‘itue funds and iutcp'Sl 
.shovMi by aetiolnis tiom otlici f!i-,ci|)linoa, that a; aosiologv, 
psychnlot^y, aidln opology and .'cunomiLS. Once the necessity 
of leseaJ til in acknowledged by the {uotcssiou^ tiic-n U will 
not bs difTiGLilt to groom the research y/o.ikc!s a;i expuiis in 
various urcM-. of smnice txiucatsou. 

D'irecliops of Researcli 

it wi- tiacc ttie fiisloiy of science education research m 
India, w find some isolated studies attempted by individual 
resciuelier, from time to time. iSome rescaich attempts 
have alsu lie.m inatle by M Ed. and Ph, D. scholars 
lo fulfil (he I'oqiiiu'menls of the degioe The beginning of an 
oiuatmad I'esenich in science and mathematics education was 

CT 

stalled by dm National Council of Educational Rcacaich and 
Training and State Institules of Science Rdnctitiou. h means 
science cniication icsearch us of leccnt oiigiri in India. .Vfn.st 
ol tiie itS'.archcs wete of 'developmental' and ‘seivico’ lutuiu, 
U was jcl ded to ihe leloini of education system, icouenting 
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'ticMK. u ecla^anu.i m.jv, r,w( .,, , 

‘i^ 'Ui.-,n-;t wu ,1. 

■ iiltirn d. vail,., til,-..;, t«id „,'4 .H^n < , ' i 

;' ;" '■ '""'v b g.„„n. ,,„ , 

Mi.tiK..,,,,., ru.drr,.|. <1,. v.li ,r.^l ir 

:"V 7 - .>--..,,.,1.11, .,v,„,c„„„„ 

'■i;i|nui(!.)n 1.1 i,Oy/ ,.,,, ,, 

,1 , . oc V n. til,, I , ,,mi ,ndn'ti'.|‘, It iv 

'■f iwi, daiad',,, n „os> . i, , ' ‘d"'tnpf:( 

-d.i.-atumirc-.oi/ , VK-ni, 

b-inaiudc 

'=o‘d^o,ints lia 

'.Ull'd.U; ciUirijta to M„„.. ,,i„„ ,, . ' 

0-0 “■“ 

. ' SCUiiCf fS'flit 1,^. 

j. S''.. util •■ ^ 


p IS svidfut Ihiit m.-iny i'-LUn,r, iafliin ce tl, 
of >ct.e,.Ui Thci, iricturti tf. rHak> I i i 
cducal.onitl ay., t.., ava.lah.hty of a.xpetn-^-l i "7' 

!hc devrc to cnnch the Iielfi Unreins fi 

m.dc.stand science education reseaicl, .nii’"'' 

Uve, todeteunine die p„o„„.<. p, " 

and a .,a| p, ,. 

neatc an .nnovative laidiectuai r. “ ' 

'O'h ‘» l’."vid- nn, '"7, 

it.'S iUOi,n,.|;iph has 



>,'LSCtih;^l iinuv hip,ni| ci li its bcie;ici‘ e-lLiui- 

ii'Mi TKnu‘',h no Ir ily vuulj iluiY nwt'n.h iiiicm^us m 
I in ricnluiii cv Immi.ih, !*i i.j. ti-n Sou.,Kii;>' iii 

HtiCMCi. Suiji!!.’ k"luc'i!()n ultii Luo'vnn/ llro'aiin; 

st.iUii, (if ‘icn,rii.iJ 'ikii .'liMii rL.si‘iiii.li in (lulni, Yc( thcie ai'i" 
iiianv othei > t\/ inoav w^nch intd ntuiitnin ‘J !hn workers in 
the lield. Si.riw einei';'!m> nml ^ lewnl iieeds an ys follows 
whn'h will f ''.vivlr dhcenons !ci ilu fiiUiic ' 

I I he mill. Mini] (d ("I ni I'l m itiitr fioiu dHToi^ni. ‘.oem- 
ecojuimic s rum 

■\ The mirui(in» o[ taLiit <ii scu.ira' fioin uual 'iicas and 
clopriveii ch'i'niijM, 

' Pnibinras ichU(ci to ■ne .-.ociology of GcicriLC and tot lO- 
!og3' ';[ scK'iice tdudiUou to a\oid I'urihe; disjuiKtuiii 
bf’Lweeii ‘witfiei; and society. 

'! AdViinl.igcj hi rnijMnng Ihc valiic oiirnr^d m lenw 

cuiiiculinn ptojecls in scliooLs, 

') Prepiumg .'.tam c, ic ' lui;, o tUvcIoji leaching skills, 
Icaohiiig Ltylc and ti-w.huiiJ stiatcgii-s 

{) Devflopinffiit of s( leticc concepts in relation to tin 

dt'veln, rrr'ental growth of children 

7 Devclopnieul oi functional .sciciitilic liteuicy Specific 
atlcntinn is to be givin on the generation acliool 
gotns thildten 

H. Rv'iiuaiive atudiec to aiiswei ihn question oi aLcounta- 
bility and relevance 



f ut’uire P:;rspcct»WR 


In !n'Ju vtii 'O-i' i;dut;tiin).a! i.icrt ;jic e<j£',i\',cd ipt 
:.u -iii-f .■'aim icicat! li sn a-veiid aic-is 'Ifpy.ie ■I’ca'i 'I'c: 
^l) dilk-rci't -liipects ')! fluid dcVLif/pmciil, [ 1 ] th( nn'inuA'il 
wiLv'.'i 'd Ic.uniiiB, stU'iKL‘, ;,m.H-pcnilciit!j' >*1 ut a i(ii.‘g''afe,d 
way, o( 111 a <.uordunuori way. (li ihf r teas ut teacliugi' 
(oa<.h'U pircpiuauoii, and ( 4 ) the (.v.dualiv*. piOLcdu.'.s 

In idcliti'ni R' these some rcseaicli'T) m,, enr.aped sn 
olhi’t aspLLts, as, philosoplueal suuiu's oi I’nc natiti'i; '4 
ii umcc:, hisloiiciil siudics oi science as a I'oaipnii jnt of ihi 
loiti! curiu-uium, and aocioiogica! "tudics »•! ihe leauicis, 
feachetr, and t!u: coininiuKly at uuge. I 'icsv -ucai. ,irc to lx; 
eaploieil caicltilly so ihat a iiu-orctieai liisearLh !i iine-wuik 
i.'.m bt' evolved Some of the preeaution;! .u the stanuig 
poiat !■ C'.soniicd. linr lo.- aclioii i.s ptoscrued 

rhf'fe '’jionlfl be f vi'OKhnalion annmg dillfrent .’duca- 
tuiiial agciKie.s Some ol the it.seap'li piojeotu sho 
eimdiietcd Jt the luiunnai-levfd. One ot the most s' 
extimph' (s that ot Ifiiein.mmiai \ssou:>l!oi! for ilie Evaliu* 
tiou «i'' E.clucaU''r»all At-hievcruent, Ihis oiga 01/1111011 has 
cotidueitd many intei national studies, Seicnce Lducadon ui 
NinelcLn Countnes : an Einpincal Slutly ( 1973 ) by Coinbei 
iiid Keeves is a briihani example of intcrnationjl co-opfKf 
Swa 111 Sf'ienve education leseaich. Similar studies wiH piovc 
usetul if conducted lu different .states. There is an uigcid 
need for a propeiiy oiganixed, .sysreoiatieallv cooidinati i! 
coiKinuing ptogiammcs of scieuec cdtieafnm rc’.caieli Ce- 
oidnuitioit 111 c,mdin.tiijg research iS not huilicicn* in itsili. 
riicie IS a need of co-oidination in clussenu nation of icseaicli 
t'lndings 




